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EXECUTIVE SUMMARY 
This project was initiated by the Queensland Sustainable Energy Industry Development 
Group (QSEIDG) and the Centre for Subtropical Design (CSD) in collaboration with 
the Centre for Social Change Research. This research was also supported by the 
Executive Dean of the Faculty of Built Environment and Engineering of Queensland 
University of Technology (QUT) and the Division of Facilities Management, QUT. 
OBJECTIVE 
The aim of the project was to investigate the social, environmental, economic and human 
comfort implications associated with adjusting commercial office air-conditioning 
temperatures to levels appropriate for a relatively benign subtropical climate. 
This research also aimed at identifying the value of a different approach to thermal 
comfort, facilities management and climate appropriate clothing in a corporate culture. 
Three main questions were identified for which answers would be sought: 
1. Would an increase in indoor air temperature by raising the thermostat setting 
result in reduced energy consumption which in turn could reduce greenhouse gas 
emissions (GHGE)? 
2. To what extent would this action affect the provision of safe and healthy work / 
study environments? 
3. What other associated benefits can be identified with this research? 
RESEARCH METHODOLOGY 
Air-conditioning thermostats were altered one to two degrees in two buildings at QUT‟s 
Gardens Point (GP) campus for a period of four months from December through 
March, that is, through the Brisbane summer of 2006-2007. In the meantime, indoor air 
temperature and outdoor weather data were collected to correlate temperature, human 
comfort and energy savings. 
Analysis of dollar savings was done to compare total building electricity costs with a view 
to the potential to fund further resource efficient management activities on QUT 
campuses. 
Occupants‟ physiological and psychological responses were monitored through surveys 
which were administered periodically to workers in the two affected buildings and 4 
other control buildings. A final gathering of information from participants was obtained 
at the conclusion of the trial through a one hour focus group session. 
A desktop review / web search was conducted to identify current information regarding 
thermal comfort in commercial buildings similar to the office space occupied on QUT‟s 
GP campus. Research carried out also included the effects of reducing indoor 
temperature on energy usage and how occupants respond to such an action. 
LIMITS OF THE RESEARCH 
The research was carried out in two buildings at GP campus in Brisbane‟s Central 
Business District (CBD).  Conditions of the buildings were varied – one was 
commissioned in 2000 and the other was constructed circa 1919 and has been retrofitted 
with air-conditioning.  Although a longer period for data collecting was preferred, we 
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were able to carry out the experiment for a period of four months during the 2006-2007 
Brisbane summer. 
Support for the study has been encouraging from both staff and management.  
Participant feedback is voluntary and the sample taken totalled one hundred and six staff 
members.  
MAIN FINDINGS 
Our initial question was whether GHGE reductions could be achieved in institutional 
subtropical offices through altering of air-conditioning thermostats and this pilot project 
has revealed that it is possible to effect energy savings and GHGE reductions through 
this means.  This research confirmed that raising the summer thermostat setting two 
degrees would result in: 
1. Reduced GHGE due to a reduction in energy use brought about by lowered 
electricity and water usage. 
2. Cost savings to the university through lower electricity usage and lower water 
usage.   
3. Reduction in primary energy that could have significant implications for 
Queensland‟s electricity generation and transmission / distribution infrastructure 
requirements.   
4. Reduction in peak demand through lower AC load, affecting both QUT‟s 
electricity costs and south-east Queensland electricity network 
5. Reduction in capital expenditure on assets through reduction in chiller plant 
capacity requirement  
6. Opportunities for further savings through behaviour change and procurement 
and maintenance practices 
7. No significant impact on comfort of staff provided that HVAC systems are 
operating as per specifications 
8. Validation of incorporating a change management strategy to maximise 
acceptance of change 
 
INDICATIVE ANNUAL SAVINGS FROM SUMMER THERMOSTAT SETTING AT 25OC 
  Block A Block D Combined 
End Use Energy MWh / yr 13.64 51.33 64.97 
Primary Energy MWh / yr 42.63 160.41 203.04 
Water Use KL / yr 3.51 10.72 14.23 
Greenhouse gas emissions tonnes / yr 17 61 78 
Electricity costs $/yr $1,295 $4,646 $5,941 
Table 1-1:  Estimated resource savings for Buildings A and D, QUT 
 
A survey instrument was incorporated into the study as a change management feedback 
tool that would enable the project team to monitor general levels of comfort and identify 
areas where intervention may be required.  As a research tool, the small sample size and 
self-select sampling method means that survey results cannot be extrapolated beyond this 
sample.  The findings did, however, highlight some important areas for future research. 
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Key findings suggested that: 
1. There was no significant association between general comfort levels and the 
participants‟ location in a building.  This suggests that manipulating the HVAC 
settings did not significantly affect participant's perceptions of comfort.  
2. Feelings of most discomfort occurred with extreme heat or cold.  This suggests 
there is 'tolerance' for smaller temperature changes which could be an important 
area for future investigation. 
3. Perceptions of air movement are an important part of people's perceptions of 
comfort. 
4. Comfort levels were not associated with age or gender; whether they had used 
air-conditioning on the way to work, the clothing worn or levels of activity prior 
to completion of the survey 
A search of current literature and research projects supports the intricate relationship 
between the occupant‟s perception of thermal comfort and the provision of that comfort 
via the office‟s HVAC systems: 
1. Thermal comfort is difficult to define as a standard as it is perceived by 
occupants who are humans and thus variable in a biological and cultural sense. 
Application of universal air-conditioning temperature settings does not 
contribute to user satisfaction. 
2. Social norms and cultural influences define thermal comfort perceptions more 
strongly than previously realised.  For example, the present universal dress code 
of business attire does not usually relate to outside weather. 
3. Local vs. Central Control: Current literature reveals that building designers 
struggle with providing enough local control for occupant satisfaction while 
maintaining adequate central control of the systems in order to run efficiently. 
RECOMMENDATIONS 
From our pilot research project, we discovered that there was a strong and significant 
relationship between our technical manipulations of the indoor environment of the 
offices and the social responses to that technical adjustment. From the findings of our 
four month project, we share a number of recommendations: 
1. Consider holistic opportunities and benefits in decision making because cost 
savings can be achieved through lowered water usage and capital savings benefits.  
2. Water and Capital cost reductions: Lowering of thermostat temperature can 
include additional savings in other areas such as water and capital costs. Cost 
savings achieved through lower electricity usage also translate to lower water 
usage. Capital savings can also be realised with lower energy use due to a 
reduction in chiller plant capacity. 
3. Potential income to fund further GHGE reduction strategies through a future 
carbon trading market.  Savings generated through reduced energy usage could 
be invested in Green Power to further reduce GHGE by 20% 
4. Lighting and equipment heat load reduction: Further energy savings 
opportunities could be obtained through staff awareness that heat generated 
from computers and lights contribute to the heat load. Behavioural changes from 
staff and students such as switching off lights and computers in spaces that are 
not in use can minimise energy use. 
5. Changes in procurement practices such as requiring more energy efficient 
machines or energy star rated equipment are likely to produce significant savings. 
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6. Acknowledge the limitations of HVAC systems as they are not perfectly 
calibrated systems that work all the time and in the way that they were originally 
programmed. 
7. Any commissioning process must involve the occupants and some measure of 
whether the aim of occupant comfort is being achieved (as opposed to whether 
the HVAC system is performing to its engineering design parameters) 
8. Integration of the architectural and mechanical services at the design stage which 
includes end-user requirements could lead to a better building design outcome. 
Our project involved retrofitted buildings where we encountered other associated 
problems of errors in equipment calibration and commissioning. 
9. Response to cultural influences: Energy savings have primarily focussed on the 
physical engineering solutions but our research reveals that energy use can be 
reduced through an understanding and response to the cultural and social 
influences of human comfort. Challenge the usual design approach to providing 
comfort by responding to cultural and social issues in building and HVAC 
systems design. 
10. Encourage a dress code that responds to local climate that would enable 
adjustment of thermostat set-points to reduce energy use. 
11. End-users who have a better understanding of how thermal comfort can be 
achieved in their space i.e. via timers or individual expectations / adjustments can 
attain greater satisfaction and productivity with the work space. 
12. Better communication: Facilities maintenance staff who are trained to „interpret‟ 
occupants‟ complaints are in a better position to identify the mechanical problem 
and resolve the issue satisfactorily. 
13. Establish a corporate environmental sustainability manifesto for the institution to 
implement a formalised approach to sustainability practices in its core business. 
14. Establish a change management process to acknowledge social impacts of 
instigating energy saving measures in the work place, thereby achieving more 
support. 
FUTURE RESEARCH AREAS 
This pilot project collected a range of findings from which further areas of research can 
be developed across QUT and leveraged into projects with industry partners including 
submissions to the Australian Research Council for funding grants.  These areas may 
include: 
1. Thermal Comfort issues: Research into local vs. universal application of 
standards for thermostat setting in relation to thermal comfort standards for 
commercial offices in a subtropical climate. 
2. Provision of Energy Services (space cooling) for human and 
environmental health: Multi-disciplinary approaches (involving electrical and 
mechanical engineering, property management, materials science, designers and 
architects, construction industry, property developers) to appropriate climatic 
control in commercial buildings in subtropical climates.  Integration of space 
cooling approaches with the provision of other energy services and business 
operations. 
3. Health issues: Greater understanding of the effect of reduction in temperature 
differential between outdoor and indoor temperature on human health (e.g. 
circulation, metabolic rates) 
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4. Social issues: Developing models and tools for change management. Occupant 
perceptions of comfort and strategies for gaining personal control of work 
environment. 
5. Business issues: Fiscal and environmental implications and opportunities 
arising from combining energy efficiency measures, Green Power purchases and 
carbon trading need further research. 
6. Fashion / design: Materials science and design considerations for climatically 
appropriate work attire in Australia. 
CONCLUSION 
Any institution or commercial office desiring to reduce energy use by the adjustment of 
thermostat settings must consider the social and cultural influences that affect the 
provision of thermal comfort.  This is crucial to the success of such an undertaking. 
Our four month pilot project on air-conditioning temperature set points in two of our 
buildings at QUT has revealed our cultural attitudes, social habits, building design and 
building service methods need to be revisited in order to accomplish our goal of energy 
efficient buildings leading to a sustainable world. 
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1 INTRODUCTION 
Our society has become increasingly reliant on mechanical HVAC systems to be the sole 
source of our thermal comfort in office buildings. The use of universal standards for 
thermal comfort adopted in air-conditioned spaces often results in a large disparity 
between mean daily external summer temperatures and temperatures experienced 
indoors. The extensive overuse of air-conditioning in warm climates not only isolates us 
from the vagaries of the external environment, but is generally dependent on non-
renewable energy.  
This report presents the findings of recent research to adjust air-conditioning 
thermostats and the results of this project will enable the identification of realistic 
strategies and guidelines for the implementation of a similar energy-efficiency strategy in 
a range of commercial office settings.  It will also provide a set of strategies that may be 
used by facilities personnel and managers who adopt a similar initiative, to ensure that 
users of buildings are positively engaged and that consistent protocols are communicated 
to all stakeholders. 
This research project set out to confirm whether a simple “no capital cost” approach to 
reducing GHGE such as the adjustment of air-conditioning set-points by one or two 
degrees can effect significant change in a building‟s energy consumption. Together with 
this technical adjustment, we monitored the occupants‟ responses and documented the 
findings of both the energy usage and survey results.  From these findings, we share 
insights from the research in that the need to address both the causes and effects of 
climate change must recognise that holistic, multi-disciplinary approaches to solutions are 
needed. 
1.1 Project Setting and Background 
The Queensland University of Technology (QUT) is located in Brisbane and operates 
four campuses with over 3,000 staff and 38,000 students.  Brisbane has a subtropical 
climate characterized by warm and humid summers with mild and dry winters.1 
The research was carried out at QUT‟s main campus at Gardens Point in Brisbane‟s 
CBD and predominantly involved the staff and buildings of the Faculty of Built 
Environment and Engineering (BEE).  Two buildings used for the alteration of the 
thermostat set points were selected on the basis of their use (predominantly BEE staff, 
with some general administration staff), shared AC plant (they are both fully conditioned 
and use the same chiller plant) and location (adjacent to each other).  Conditions of the 
buildings were varied – Building D was commissioned in 2000 and the Building A was 
constructed circa 1919 and has been retrofitted with air-conditioning. The buildings on 
this campus, due to a wide range of ages, offer fully conditioned, partially conditioned 
and non-conditioned spaces, with a trend towards full conditioning of all spaces as 
building infrastructure and finances allow. 
The spaces included a combination of open plan workstations, individual offices, lecture 
rooms, meeting rooms, photocopying / resource centre and a public cashier/student 
                            
1 S V Szokolay (1983) gives mean maximum temperature as 25.4ºC and mean minimum as 16.0ºC in 
Climatic Data and its use in Design. Canberra: RAIA.   See also Bureau of Meteorology website for 
climatic information at  http://www.bom.gov.au/climate/averages/tables/cw_040214_All.shtml 
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payment area.  Participant surveys were sent out to all staff in the BEE Faculty on GP 
campus every two weeks.  Although the physical environment would be altered in only 
two buildings, all staff of QUT‟s BEE Faculty were invited to participate, offering a 
“control group” of staff occupying a further four buildings. 
The set-point for buildings D and A was raised from 23ºC to 25ºC on 11th December 
2006, one week after notifying staff that the temperature would be changed.  Building D 
remained on this set point until the first week in April.  Building A was changed to 24ºC 
on 24 January 2007 due to a high number of combined formal and informal complaints 
from staff on levels two and three.   
1.2 Report Structure 
This report is delivered in five sections: 
Section 2   Current Research 
This section summarises current research on energy consumption in commercial 
buildings and thermal comfort standards. Existing literature on the social and cultural 
influences affecting our air-conditioning choices is also examined together with the roles 
of local and centralised building controls.  
Section 3   Research Design 
This section outlines the methodology utilised for the pilot project at QUT. 
Section 4   Energy Data - collation and analysis 
This section analyses the weather, temperature, and energy data collected during the pilot 
to determine implications for energy and water use as well as greenhouse gas emissions.   
Section 5  Participant Response and Survey analysis 
This section analyses the participants‟ responses to the alterations in HVAC 
performance. 
Section 6   Findings and Recommendations 
This section summarises the main findings from the project, makes recommendations 
regarding applying these findings to commercial buildings and suggests areas where 
further research is warranted. 
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2 CURRENT RESEARCH 
2.1 Energy Consumption in commercial buildings 
2.1.1 Urban Heat Island 
There is an increased awareness of 
the effects of climate change on 
our cities today and a growing 
concern that increased 
temperature due to climate change 
is strongly related to the increase 
in greenhouse gas emissions 
(GHGE) due to the burning of 
fossil fuels. “Scientists have 
predicted global temperature rises 
of between 1 and 3.5 degrees 
Celsius by the year 2100”(Bureau 
of Meteorology 2007)  and 
temperatures in Australian cities 
themselves have already been 
recorded as increasing due to the 
urban heat island (UHI) effect. “The increase in urban air temperature relative to 
surrounding rural temperatures is referred to as the urban heat island effect”(Suppiah and 
Whetton 2006).  See Figure 2-1. 
For example, the Commonwealth Scientific and Industrial Research Organisation 
(CSIRO) has found that Melbourne‟s mean temperature has increased from 1950 to 2000 
by about 1.0ºC(Suppiah, Whetton et al. 2001).  Compiled temperature data of Melbourne 
from 1985 to 1994 by the University of Melbourne also indicate increased temperature 
readings in the CBD compared to its outer fringes - “the CBD and Industrial Suburbs 
are on average 4.0 deg C warmer during the summer months and 3.2 deg C warmer 
during the winter months”(Morris 2007).  
Thermal imaging of Brisbane (refer 
Figure 2-2) also shows increased 
temperatures of 1º- 2ºC in areas of 
urban and commercial development.  
Eric Petersen, et al (Peterson, 
Williams et al. 2006) indicated that 
case studies of Brisbane revealed that 
inner city temperatures are rising. 
Increased urban heat in cities affects 
us not only in terms of energy use 
but health wise as well.  The Bureau 
of Meteorology (BoM) cites that 
recent Australian studies show a link 
between offensive behaviour and hot 
weather as well as an increase in 
death rates – “during hot weather, 
the city‟s warmer nights can delay 
 
Figure 2-1:  Graph showing relationship between 
temperature and CBD versus outer areas. 
Image from Obayashi Corporation 
 
Figure 2-2:  Thermal imaging of Brisbane 
showing increased surface temperatures in 
urban areas. 
Image reproduced with permission Brisbane City Council 2007 
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overnight recovery from heat stress. Refer to Figures 2-3 and 2-4.  As a result, death rates 
in cities show a peak during heatwaves”(Bureau of Meteorology 2007).  A report for the 
Australian Medical Association states on pg. 5 that “at present, around 1,100 people aged 
over 65 years are estimated to die each year due to high temperatures”(Woodruff, Hales 
et al.) while living in Australian capital cities. 
 
 
 
 
  
Figure 2-3:  Relationship between heat wave 
and deaths – Melbourne 1959 
 
Figure 2-4:  Relationship between heat wave 
and deaths – Melbourne 1959 
(D.W. Rankin) 
 
(Auliciens and DiBartoli, ACRU, U of Qld) 
Image reproduced permission © Copyright Commonwealth of Australia 2006, Bureau of Meteorology (ABN 92 637 533 532) 
2.1.2 Air conditioning – commercial sector 
Increased urban temperature has been attributed to increased urbanisation and some of 
the contributing factors analysed include higher density of buildings and paved surfaces 
as well as “artificial heat…released into the urban atmosphere by combustive processes 
from vehicles, industrial activities, and commercial and domestic air 
conditioning”(Suppiah and Whetton 2006).  The increased need for heating and cooling 
of commercial buildings in urban centres is being implicated as one of the contributors 
to increased heat islands in cities.  This, in turn, increases energy use and GHGE.  The 
BoM reports that peak demand for electricity is magnified in many Australian cities by 
the urban heat island effect(Bureau of Meteorology 2007).  This puts pressure on 
electricity supply and forces increased power production which in turn increases fossil 
fuel use and CO² emissions and is of concern as “Australian thermal electricity 
generation is dominated by fossil fuels and in particular coal” and about 84% of the 
power generated is attributed to coal fired stations(Australian Academy of Technological 
Sciences and Engineering 1997).  
Dr Yukitaka Ohashi (Ohashi and et al 2007) writing in the Journal of Applied 
Meteorology and Climatology is cited in „Air conditioners make cities hotter‟(Larry 
O'Hanlon Discovery News 2007).  His work notes that the comparison of summer 
temperatures in downtown Tokyo on weekends versus weekdays showed that air 
conditioners dumped enough heat into the city to raise the temperature at least 1 to 2ºC 
which in turn contributes to the UHI effect.  “Air conditioners remove not only ambient 
heat from buildings, but they expel heat from their use of electricity. In other words, 
coolers don't just move heat from the inside to the outdoors, they also add new heat just 
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by being machines that consume power.” This increase in the consumption of power 
raises GHG emissions as noted by the researchers that “Tokyo sucks up about 1.6 
gigawatts of electricity for every 2 degrees of warming on a hot summer day” which is 
“equivalent to the output of one-and-a-half nuclear power plants.” 
Increased energy use in commercial buildings is of concern in Australia as well. The 
Australian Greenhouse Office (AGO) reports on pages 5 – 21 of the National 
Greenhouse Gas Inventory that emissions from electricity generation was 50.8% higher 
in 2004 than in 1990 and that stationary energy use accounted for 49.6% of total 
emissions in 2004(Dept of the Environment and Heritage and Australian Greenhouse 
Office 2006).  Refer Figure 2-5. 
 
Figure 2-5:  CO²-equivalent emissions by sector 2004 showing stationary energy as 
highest. 
National Greenhouse Gas Inventory – AGO Sept 2006 
It also reports that the “commercial sector has the highest share of energy supplied as 
electricity and consequently the highest emissions intensity”(Dept of the Environment 
and Heritage and Australian Greenhouse Office 2006).  See Figure 2-6 
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Figure 2-6:  Emissions of energy use showing commercial sector as highest. 
National Greenhouse Gas Inventory – AGO Sept 2006 
The Australian Building Greenhouse Rating Scheme also reveals that “GHG emissions 
from Australia‟s commercial buildings make up 8.8% of our national emissions, are 
increasing by 3% to 4% per annum and are set to double by 2010, unless action is 
taken”(Australian Building Greenhouse Rating DEUS 2007).  
This picture starts getting grimmer as the 
AGO also projects that “GHG emissions 
from the operation of commercial 
buildings will increase by a staggering 94% 
during the period 1990-2010”(Building 
Commission 2005).  This could have been 
one of the factors that prompted the 
Building Commission to introduce new 
energy-efficient measures for commercial 
buildings into the Building Code of 
Australia in 2006. This is similarly echoed 
in the report, the Australian Commercial 
Building Sector Greenhouse Gas 
Emissions 1990-2010, where the AGO 
reported findings that the “commercial 
buildings sector is expected to increase its 
GHG emissions to nearly 
twofold…between the years of 1990-2010 
under the business as usual (BAU) scenario” with the commercial „office‟ building type 
being responsible for an estimated 27% of total sector emissions in 1990(Australian 
Greenhouse Office 1999).  Refer Figures 2-7 and 2-8. 
 
 
Figure 2-7:  GHG emissions of 
commercial buildings sector 1990-2010 
under BAU scenario (ABARE 1997). 
National Greenhouse Gas Inventory – AGO Sept 2006 
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Figure 2-8:   Commercial building greenhouse gas emissions by key building types 1990 
(EMET 1999). 
National Greenhouse Gas Inventory – AGO Sept 2006 
 
The study also highlighted the fact that electricity was the largest energy source (65%) 
which was responsible for 89% of total GHG emissions.  Refer Figures 2-9 and 2-10. 
 
  
Figure 2-9:   Commercial Building 
Energy Share by energy source 1990. 
(ABARE 1997) 
Figure 2-10: Commercial Building 
greenhouse gas emissions share by energy 
source 1990. (ABARE 1997, EMET 1999) 
National Greenhouse Gas Inventory – AGO Sept 2006 National Greenhouse Gas Inventory – AGO Sept 2006 
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When this statistic is coupled with the 
fact that commercial buildings consume 
this energy through heating (33%), 
cooling (21%) and ventilation (16%), it 
shows the large proportion of energy 
that commercial „office‟ buildings 
consume in the quest for thermal 
comfort and thus the large proportion 
of GHG emissions that is being emitted 
from these buildings by their HVAC 
systems. Refer Figure 2-11. 
 
The current trajectory in our air-conditioning use reveals that it is unsustainable – our 
buildings demand increased energy and are shown to contribute to a large percentage of 
world GHG emissions.  
 
Figure 2-11: Commercial building energy 
share by end-use 1990 (EMET 1999). 
National Greenhouse Gas Inventory – AGO Sept 2006 
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2.2 Thermal Comfort 
The statistics in the preceding section indicates that a large proportion of energy is being 
directed to artificial heating and cooling of our commercial office buildings.  This leads 
us to question why air conditioning is considered the norm in our office working 
environment.  However, a discussion of how air-conditioning affects the occupants 
needs to be prefaced with a brief overview of the elements of thermal comfort, that is, 
what causes us to be neither too hot nor too cold. 
2.2.1 Thermal comfort factors 
A summary of information from ASHRAE (ASHRAE Handbook - Fundamentals 2005), 
BoM (Bureau of Meteorology 2007)  and S. Szokolay (Szokolay and Auliciems 1997)  
notes the factors affecting human thermal comfort as: 
Temperature 
1. Temperature is experienced in two ways ie. air temperature and radiant 
temperature 
2. Dry-bulb air temperature, which determines convective heat exchange between 
the body and its surrounding air 
3. Radiant temperature, which determines the exchange of thermal radiation 
between the body and surrounding surfaces 
Humidity 
1. Refers to the amount of water vapour in the air 
2. High humidity can be uncomfortable as the evaporation from the skin is 
hampered 
Air Movement 
1. Is measured by its velocity 
2. Does not reduce air temperature but increases evaporation of moisture from the 
skin (i.e. evaporative cooling unless humidity is too high) 
Activity rate 
1. Classified as a personal factor because the metabolic rate of each person varies 
depending on age and gender 
2. Can also be influenced by food and fluid intake 
3. Influenced by heat production due to body mass or an individual‟s ability to 
acclimatize 
Clothing level 
1. Since clothing is considered a dominant factor affecting thermal comfort, a unit 
of measurement clo is used 
2. The clo corresponds to the insulating cover over the whole body of a 
transmittance (U-value) of 6.45 W/m²K – for e.g. 1 clo is the insulating value of 
a normal business suit with cotton underwear.  ASHRAE states that 1.0 clo is 
equivalent to 0.155(m².K)/W 2 
                            
2 see ASHRAE 2005 Fundamentals, section 8.9 
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2.2.2 Comfort 
It is also beneficial to step back and examine what „comfort‟ is before we discuss how to 
obtain standards for thermal comfort. The word „comfort‟ is purported to have derived 
from the French word conforter meaning “to comfort, help, strengthen”(Harper 2001).  It 
also means to have “a pleasant feeling of being relaxed and free from pain”(Cambridge 
University Press 2007). This sense of contentment does not refer to luxurious but just 
sufficient. 
 “Comfort also depends on behavioural actions that are initiated unconsciously or by the 
conscious mind and guided by thermal and moisture sensations to reduce discomfort. 
Some examples are altering clothing, altering activity, changing posture or location, 
changing thermostat setting, opening a window, complaining or leaving the space”3 
 „Comfort‟ has a different meaning for a mechanical engineer than for a user occupant.  
To the building manager or engineer, thermal comfort usually means a feeling of 
„neutrality‟ or „absence of discomfort.‟ This would also imply an “absence of sensation, 
where a perfect environment might be one that is never noticed at all”(Brager and de 
Dear 2003).  This contrasts with an occupant‟s definition of „satisfaction‟ or „feeling of 
well-being.‟ ASHRAE 55-1992 also recognises the subjective element in determining 
thermal comfort and defines it as “the condition of mind that expresses satisfaction with 
the thermal environment; it requires subjective evaluation” (ASHRAE Standard 55-2004) 
Brager & de Dear (Brager and de Dear 2003) note that the American Society of Heating. 
Refrigeration and Air-conditioning Engineers Inc. (ASHRAE) method for defining a 
comfort range of acceptable temperatures is based on associating the idea of feeling 
neutral which ignores all contextual and cultural influences. Similarly others also note 
that “with the ASHRAE scale, a person is thermally comfortable at neutral point, i.e. the 
point of no thermal sensation, and so thermal comfort is here defined as the absence of 
thermal discomfort”(Cornell University Ergonomics Web 2007).  If this is the case, then 
what building occupiers feel to be comfortable office surroundings could be entirely 
different from the kind of comfort that engineers think they are designing for those 
occupants or perhaps what the maintenance department believes they are providing for 
the same occupants. 
2.2.3 Thermal comfort standards 
Thermal comfort research from the 1920‟s to the present has been based on two main 
methods - either a laboratory-based method where subjects were tested in the controlled 
environment of a climate chamber or a field-based method where the approach to 
thermal comfort standards is more holistic and involves looking at the subject as a 
person in their environment.  Both these methods for determining thermal comfort 
standards are represented in chapter 8 of ASHRAE 2005.  
With this historical background research, de Dear (De Dear 2004) proposes that 
principles of environmental psychology should also be included in the discussion of 
thermal comfort standards instead of just using a purely deterministic stimulus-response 
method as originally set out by P. O. Fanger over 30 years ago.  His own work 
promoting the idea of „Adaptive Comfort Standards – ACS‟ furthers the work of 
                            
3 see ASHRAE 2005 Fundamentals, section 8.1 
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Hawthorne4 and incorporated the Gestalt emphasis of context in environmental 
perception – the “Gestalt notion of the whole environment being more than just the sum 
of its constituent stimuli.”  Since the introduction of air-conditioning to commercial 
spaces became more common in the past 40 years, we have somehow increasingly 
disassociated local climate, culture and even the occupants themselves from HVAC and 
building design.  De Dear‟s adaptive model of comfort “embraces the notion that people 
play an instrumental role in creating their own thermal preferences”(De Dear, Brager et 
al. 1997).  
2.2.4 Variable temperature standards (one size fits all) 
ASHRAE 2005 Fundamentals shows acceptable ranges of thermal comfort for sedentary 
activity to vary between 20-23.5ºC for winter clothing of 0.9 clo and between 23-26ºC 
for summer clothing of 0.5 clo. (see Figure 2-12 and Table 2.1 below)  
 
 
Table 2-1:  ASHRAE Std 55-1992 Optimum and Acceptable ranges of Operative temperature 
 
The boundaries for winter and summer zones overlap in the 23 to 24ºC range and 
ASHRAE acknowledges that these boundaries are not as sharply defined as in Fig.2-12 
below due to individual, clothing and activity differences. 
 
                            
4  The Hawthorne effect is referred to later in Section 2.4“Local and Central Control” 
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Petersen and et al 
(Peterson, Williams et al. 
2006) note that ASHRAE 
standards allow for air-
conditioning temperatures 
to be designed to 27ºC 
without perceptible air 
movement and also allows 
for personally controlled 
naturally ventilated 
buildings to be designed to 
30ºC when occupants are 
adapted to hot weather.  
Most indoor environments 
are engineered with the 
notion that the occupants 
of the space are “passive 
thermal comfort sensors” 
and not active participants 
with any control over the 
temperature, humidity or 
air movement that would 
affect them. 
Methods used to-date for 
defining thermal comfort have placed an undue reliance on laboratory testing.  This has 
led to a “one size fits all” method of determining air conditioning temperature and totally 
ignores the importance that social and cultural influences have on determining comfort 
level.  It has been accepted industry practice in the design of commercial buildings in 
Australia and many parts of the world that internal spaces need to be conditioned (heated 
or cooled) to between 21º C and 24ºC. 
Brager (Brager and de Dear 2003)  notes that these international standards for thermal 
comfort developed by both ASHRAE and ISO (International Standards Organisation) 
encompass air temperature, mean radiant temperature, air speed and humidity, but lack 
any recognition of cultural or regional differences in attitudes about comfort or 
preferences for specific thermal conditions. 
There is an assumption that „comfort‟ is universal (without regard to gender, age, race, 
level of activity, acclimatisation), that thermal variation outside of the band is 
undesirable, and that occupants of buildings want neutral, dry, still air.  
Standards soon unwittingly become institutionalised and our attempt in this project is to 
discover whether we can alter these temperature set-points in order to reduce GHG 
emissions.  In order to do this however, we need to reflect on how to address our 
perceptions of air-conditioning that have been influenced by social and cultural norms 
which will be discussed later in this section. 
The requirement of the engineer or maintenance personnel to provide the technical 
solution for such a variable criteria as comfort is difficult.  The notion that there can be a 
universal standard is misleading as factors such as personal thermal response, type of 
clothing worn and cultural differences all contribute to our reasons for preferring 
different temperatures. 
 
Figure 2-12:ASHRAE 55-1992 Summer and Winter Comfort 
Zones 
ASHRAE Std 55-1992 Thermal Environmental Conditions for Human Occupancy  
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2.2.5 Experiencing Climate 
Being able to experience the climate of a place helps one to define that place itself. 
However, with increasing global standardization of our commercial office spaces, we are 
often not even aware if it is raining outside.  De Dear states that “climate is one of the 
most critical ways in which we experience place, but inside modern offices workers may 
find it impossible to tell if they‟re in Anchorage or Rio”(De Dear 2007).  
Frank Lloyd Wright is quoted in Brager as stating that “climate means something to man. 
It means something in relation to one‟s life in it…I doubt that you can ignore climate 
completely, by reversal make a climate of your own and get away with it without harm to 
yourself”(Brager and de Dear 2003).  
Artificial indoor climates disconnect us from the sense of a place.  Not only do we lose a 
sense of place but we also lose a sense of belonging to the place as well.  This cultural 
detachment changes our attitudes towards clothing and our response to local climate.  
The present universal dress code of business attire which does not relate to outside 
weather will be further discussed in the later section ‟Clothing‟ of this report. 
The universal standards for air-conditioning comfort result in thermal monotony, 
characterised by very low and very dry internal air temperatures which contrast strongly 
to the local natural outdoor conditions, for example, in subtropical Brisbane.5  Not only 
do many people feel uncomfortably cold in sedentary office jobs, but they become 
increasingly intolerant of normal climatic conditions. 
It is interesting to note that varying the indoor temperature with the outdoor ambient 
temperature is now under discussion due to a desire to lower operating costs as well as 
global concern to curb energy consumption that contributes to GHG emissions as 
discussed in the preceding section.  However, it is noted by Petersen et al that “floating 
indoor temperatures during hot weather is not a new operational policy in 
Queensland”(Peterson, Williams et al. 2006).  They state that prior to the government‟s 
repeal of the law in 1995, the Factories and Shops Act limited the difference between 
outdoor and indoor temperature to 8K 6 in order to prevent „thermal shock‟ when staff 
proceeded home from their place of work.  There has been no government regulation of 
temperatures since that time.  It is unclear why we no longer recognise this „thermal 
shock‟ and consistently cool or warm our work places more than necessary, thus 
distancing ourselves from the local climate. 
On many occasions, we have all experienced indoor temperatures of commercial 
buildings where it is cooler indoors in summer than the outdoor ambient air temperature 
in winter in Queensland.  This discrepancy in our ability to decide against high variant 
indoor temperatures from outside climatic conditions is attributed by many researchers, 
to our social and cultural conditioning. 
                            
5 Richard de Dear, Thermal Comfort and Thermal Boredom. Subtropical Cities conference 2006, 
Brisbane 
6 CSD understanding is that this refers to a temperature interval where a change of 1ºC = 1 change of 
Kelvin 
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2.3 Social And Cultural Influences 
We do not usually associate our present day preference for air-conditioning to social or 
cultural influences but research has shown that our increased intolerance to outside 
weather may be a result of this type of subtle influencing. Coopers (1982) as cited by 
Chappell and Shove explains that comfort standards are “social constructs which reflect 
the beliefs, values, expectations and aspirations of those who construct them.” It is 
pointed out through their studies that “comfort is a highly negotiable socio-cultural 
construct”(Chappells and Shove 2005).  
2.3.1 Historical 
Brager and de Dear traced the formulation of people‟s attitudes to air-conditioning back 
to American advertising in the1950‟s where increased post-war demand for air-
conditioners could have been influenced by advertisements that linked air-conditioning 
to increased social status.  Women who had air-conditioners in their homes were 
portrayed as elegant and free from the toil of housework. People wanting a clean and 
healthy environment were portrayed as providers of homes for happy families. The 
advertised images gave people “total mastery of the environment” so that “homeowners 
had the ability to maintain an indoor environment of constancy, independent of the 
natural diurnal or seasonal fluctuations outdoors” Ironically, pictures of air-conditioners 
beside elegant women sitting in the great outdoors overlooking mountains and the 
setting sun actually do not achieve what they claim to do, that is, have a more intimate 
relationship with nature(Brager and de Dear 2003).  
Brager and de Dear also suggest that another contributing factor to the increased use of 
air-conditioning could have been the rapid advancement in building technology and 
cheap energy supply after the Second World War.  The ability to build large floor plates 
and curtain walls with sealed facades soon made mechanical air-conditioning necessary.  
This type of non-naturally ventilated building relies exclusively on mechanical means to 
deliver a comfortable working environment.  Perhaps this has evolved to our present day 
dilemma of being socially conditioned to expect an office environment that is unrelated 
to outside temperature. 
2.3.2 Social conditioning 
Studies so far have pointed to the fact that social conditioning leads to physiological 
conditioning.  Our expectations of a much cooler or warmer indoor environment in 
summer / winter respectively have evolved to the point that our acceptable range has 
significantly narrowed. 
Fishman and Pimberts‟ (1982) studies into the difference in thermal responses of 
occupants of air-conditioned and naturally ventilated offices, as cited in de Dear‟s 1997 
report, revealed that people in air-conditioned offices “were less tolerant of higher 
temperatures and expected homogeneity in their thermal environment.”  De Dear also 
cites Rohles‟ (1977) studies which found that “Michigan subjects were more tolerant of 
high indoor summer temperatures (32ºC) than Texan subjects.” This supports the notion 
that social conditioning could lead to physiological conditioning in that the “Texans took 
summer air-conditioning for granted and came to expect or even demand cooler 
temperatures” than their counterparts in cooler areas of the country(De Dear, Brager et 
al. 1997).  
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We can become so accustomed to accepting a lower indoor temperature that we seem to 
lose our ability to physiologically adapt to normal outside conditions. Lutzenhiser (1992) 
in Brager and de Dear quotes a resident as saying “we don‟t use the air-conditioner 
because it makes it too hot outside”(Brager and de Dear 2003). 
Brager and de Dear believe that “people‟s attitudes have a greater influence on their 
comfort in indoor environments, compared to outdoor climates with relatively more 
extremes.”  People‟s expectations or personal preferences have been shown to influence 
temperature responses more than was expected from a purely physical response.  They 
cite Fitch (1970) to show that people are more prone to accept extremes in outdoor than 
indoor conditions since the intensity of indoor discomfort is below the limits of stress.  
Hence “personal idiosyncrasy, culture, and socially conditioned value judgements all 
influence subjective response and preference” when people experience discomfort in 
indoor environments (Brager and de Dear 2003). 
Coupled with their attitudes, studies reveal that peoples‟ expectations also govern their 
acceptance of thermal comfort levels.  McIntyre (1980) as cited in de Dear‟s report 
acknowledges the role of expectation in thermal comfort research and stated that “a 
person‟s reaction to a temperature which is less than perfect will depend very much on 
his expectations, personality, and what else he is doing at the time”(De Dear, Brager et al. 
1997).  
The above studies of people‟s attitudes and expectations towards thermal comfort would 
infer that people have a lower threshold for discomfort indoors than outdoors.  This may 
be because they know they cannot control the weather but perceive that they should be 
able to control indoor temperature as it is artificially produced or man-made.  This 
notion of personal control versus central control of air-conditioning will be discussed 
later in this literature review. 
2.3.3 Cultural 
Cultural perceptions also influence our thermal preferences.  Stern (1992) as cited by 
Brager and de Dear found evidence from various studies to show that “comfort bands 
do vary across cultural groups”(Brager and de Dear 2003). 
It has been pointed out by Brager and de Dear that the Japanese view artificial heating 
and cooling more in terms of heating/cooling the person as opposed to the American 
view of heating/cooling a space. The Japanese are perceived to readily adopt „task 
ambient‟ air-conditioning systems with more individual control as this seems a logical 
progression from the traditional Japanese residential heating system „kotatsu‟ which is a 
person-heater placed under the dining table(Brager and de Dear 2003).  
The rapid increase of a global style of architecture for our commercial buildings with its 
inherent large internal air-conditioning load has not only resulted in an increased energy 
use but has succeeded in distancing ourselves from the „natural‟ world and the culture 
around us.  Ken Yeang believes that “by designing closer to climate, you are designing 
closer to culture.”7  Our loss of regional distinctiveness and cultural diversity in buildings 
has commonly been blamed to our dulling of a sense of place or a sense of climate as 
well.  One of the various possible reasons could be the dulling of our senses by air-
                            
7 Informal discussion at RAIA‟s continuing professional development seminar “Retrofitting using 
bioclimatic principles : looking for value adding” held in Brisbane 8 May, 2007. 
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conditioned spaces which offer thermal monotony with no opportunity to respond to 
the changing climate outside. 
Kuno (1995) as cited by Brager and de Dear challenges us to make our environments 
“where pleasantness rather than neutrality are the goals”(Brager and de Dear 2003).  The 
example is given where American standards of thermal comfort strive to eliminate air 
movement as it considers it as a negative sensation of draught rather than a pleasant 
thermal sensation. 
Real estate agents commonly consider air-conditioning as added property value and 
whether this promotes or reflects our cultural values may still be a debate.  However, the 
increased use of energy is still present.  Guy and Shove as cited by Chappell informs us 
that “air-conditioning in UK is becoming common not necessarily for comfort but 
constitutes a signifier of „quality‟ and prestige and part of property value”(Chappells and 
Shove 2005).  This attitude seems to be reflected in the south-east Queensland real estate 
market, with many developers believing that they will be unable to sell or rent properties 
that are not air-conditioned. 
2.3.4 Clothing norms and choices 
Cultures in the Middle East, for centuries, have a ritual migration within the house to 
spaces that are built either for the winter or summer season.  This kind of connection to 
natural seasons seems lost to modern city living where we do not even dress for the 
season.  Morgan and de Dear (2000) conducted a six month study of clothing behaviour 
of office workers in Sydney and found that “clothing insulation was constant year-round, 
having no correlation with outdoor temperatures”(Brager and de Dear 2003). 
However, countries like Japan have started to see how our cultural notion about clothing 
can be altered to help combat climate change.  In a bid to reach its Kyoto Agreement 
targets, Japan has adopted a „CoolBiz‟8 program.  Under this program, all government 
offices were required to set the thermostat to 28°C in summer (2 – 3 degrees higher than 
Japan‟s usual practice).  The program was championed by former Prime Minister Mr. 
Koizumi, who signalled an acceptable change of business attire through his well-known 
“no tie and shirtsleeves approach” which has also been adopted by cabinet ministers and 
other leaders of the movement(Ministry of the Environment Government of Japan 
2005).  Many Japanese corporations followed this lead and reported their activities as part 
of their Corporate Social Responsibility.  A similar 12-month trial of a new parliamentary 
dress code is currently promoted in the Queensland Parliament in order to raise air-
conditioning temperatures, thereby saving water and energy(Hon. Peter Beattie 
Queensland Parliament 2007). 
Clothing manufacturers and retailers also saw a great business opportunity and have 
responded to the demand for new business clothing in Asia.9  Many other Asian 
countries with similar summer climate have adopted the program including China, 
Cambodia, Malaysia, Philippines, Republic of Korea, Thailand, and Singapore. 
                            
8  There is also a WarmBiz program that encourages heavier clothing in winter and building climate 
control systems that are seasonally adjusted 
9  see www.team-6.jp/coolbiz/coolasia/index.html for list of high profile businesses who have taken up 
the opportunity 
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Ken Yeang  highlighted that “buildings should be seen as an extension of your clothing – 
you are not hermetically sealed.”10  The connection between our buildings and clothing is 
more closely related than we think.  Hence, our acceptance of a lower or higher indoor 
temperature setting depending on the season is a significant key in our quest for lowered 
energy reduction in our buildings. 
2.3.5 Energy Savings 
Ackermann notes in her book “Cool Comfort” that in the US there was a steady rise in 
thermostat setting from 64ºF in 1923 to 68ºF in 1941 to 77ºF in 1960.11 With growing 
concerns for increased energy use, this was not seen “to repudiate air-conditioning but to 
enhance its status as the only reliable means of indoor environmental regulation in a 
waste-watching world.”(Ackermann 2002).  However, there was opposition to increasing 
indoor temperature as some saw it as a step backwards. 
Ackermann quotes a Michigan architect J. Olivieri who recommended modifications to 
buildings such as using less glass and more insulation instead of increasing or decreasing 
indoor thermostat temperatures - “From all sides we are told that we can no longer enjoy 
the luxury of being comfortable…Must we sacrifice comfort to conserve energy? 
No!”(Ackermann 2002).  For the American architect, such options as changing 
thermostat settings or wearing more or heavier clothing indoors were considered low-
tech solutions. 
Comfort is not only determined from the nature of our physical environment but also 
from our attitudes.  Our individual attitudes that have been moulded from our 
surrounding social values and our cultural milieu play a role more significant than is 
accounted for by architects who design buildings and engineers/maintenance personnel 
who determine set-points of air-conditions in commercial office buildings. 
Section 3 of this paper “Research Design” reports on our methodology and findings of 
the pilot project that was carried at QUT where thermostat temperatures were raised in a 
four month summer period. Energy data and analysis are also documented together with 
potential energy savings which would result in lower GHGE. 
                            
10  Informal discussion at RAIA‟s continuing professional development seminar „Retrofitting using 
bioclimatic principles : looking for value adding” held in Brisbane on 8 May, 2007 
11 Fahrenheit to Celsius conversion: 64ºF = 18ºC ; 68ºF = 20ºC and 74ºF = 23ºC 
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2.4 Local and Central Control 
Studies in thermal comfort and office productivity, surprisingly, include the variants of 
personal versus central control.  Studies show that users‟ perception of personal control 
over their local indoor climate conditions affects their feeling of well-being, level of 
thermal comfort and productivity level. 
2.4.1 Personal Control 
Rowe (1995a) in de Dear et al concluded from his studies that “people have a wider 
tolerance of variations in indoor thermal conditions if they can exert some control over 
them, and that a considerably higher level of satisfaction will be reached if occupants 
have means of controlling the upper and lower temperature limits”(De Dear, Brager et al. 
1997). It would appear that an adaptive model of comfort as promoted by de Dear would 
be more useful in defining thermal standards as it acknowledges that occupants play an 
important role in creating their own thermal preferences. 
Khedari 2000 and Nicol 1999 studies cited by Peterson et al show that “residents of 
temperate climates accept 27º to 30ºC as „comfortable‟ in summer, and that native 
populations of tropical countries will accept over 33ºC if sufficient air flow is in their 
personal control”(Peterson, Williams et al. 2006).  This study not only reveals the cultural 
differences in the level of acceptance of warmer indoor temperatures but also that higher 
/ lower temperature settings can be used for air-conditioning set points if occupants are 
given some mechanism of personal control.  This can be in the form of an operable 
window and blinds, under desk space heater or small desk fan. 
Finnimore as cited by Bordass (Bordass 1990) claims that “the operable window is 
disproportionately significant to perceived well-being.”  This would support the 
argument that giving personal local control to occupants would increase their acceptance 
of a wider range of indoor temperature settings.  A. Leaman (Leaman and Bordass 2005) 
states that “people are more forgiving of discomfort if they have some effective means of 
control over alleviating it.  However, many modern buildings seem to have just the 
opposite effect” as they take away people‟s control.  He cites thermal comfort research 
by Humphreys and McIntyre (1976) where people seem more tolerant of conditions 
where there were more control opportunities such as switches, blinds and opening 
windows that were available to them.  “People‟s perception of control over their 
environment affects their comfort and satisfaction”(Leaman and Bordass 2005).  
Further research by de Dear noted that “thermal environmental conditions perceived as 
unacceptable by the occupants of centrally air-conditioned buildings can be regarded as 
perfectly acceptable, if not preferable in a naturally ventilated building”(De Dear 2004). 
He also concluded that “it was something about the actual context of the buildings in 
question, and in particular, the expectations that their occupants brought to those 
contexts.”  He noted that people who know that they do not have control over their air-
conditioning temperature at work have the expectation that their thermal comfort will be 
automatically achieved at a constant level.  On the other hand, people who worked in a 
naturally ventilated building know that the indoor climate will be more variable and that 
they need to be more actively engaged in making their indoor environment more 
pleasant. 
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2.4.2 Central Control 
Though research shows that occupants are able to tolerate lower/higher indoor 
temperatures if given some degree of control over their indoor environment, our 
buildings are still mostly constructed with centralized mechanical and electrical control.  
Bordass notes in his paper “The Balance between Central and Local Systems”(Bordass 
1990) that controls are not usually seen as part of the architectural design as engineers 
seldom design overall systems and outline limits with the user in mind.  It is evident that 
end users are not consulted and therefore their needs are not often addressed.  
Bordass (Bordass 2001) also notes that there is a lack of feedback on the energy 
performance or post occupancy evaluation of a building‟s system from the user (local 
control) to facilities management (central control).  
Centrally controlled systems are designed for the range and not for the mean.  Air-
conditioning set points are usually viewed as universal settings rather than adjusted to the 
building or its users.  De Dear‟s research into Adaptive Comfort Standards would 
encourage management with central control to have more of a connection with the users 
so that they have more local control.  This, in turn, would promote happier occupants 
and a more productive workplace.  Leaman and Bordass conclude that the absence of 
effective control adjustments to indoor climate in a building especially in generic space 
planned offices makes the difference between tolerable comfort and 
dissatisfaction(Leaman and Bordass 2005). 
Management with central control should be encouraged to embrace a more customer 
oriented approach in finetuning the building systems.  Bordass advises that 
“we need appropriate technology, and not always advanced technology: BEMS 
(Building Energy Management Systems) don‟t run themselves: they need 
considerable effort at the design stage to make them user-friendly, care during 
installation and at handover, careful training, and constant vigilance during 
operation.  They are a management tool and not a fit-and-forget item”(Bordass 
1990). 
This continuing struggle between the engineers who controlled the systems and the 
group who were affected by them was highlighted by G. Cooper in her book “Air-
conditioning America: Engineers and the Controlled Environment 1900-1960” where 
“the strength of the technical experts with regard to the customer often produced an air-
conditioning installation that subordinated all concerns to the technical requirements of 
the system”(Cooper 1998).  Cooper identifies the conflict between the engineer who was 
frequently impatient with seemingly „irrational‟ users who “often disregarded design 
assumptions, good practice, and established standards” and adjusted the settings to suit 
their preferences. 
2.4.3 Facilities Management and Productivity 
A. Curry cites M. Ackermann who wrote in her book “Cool comfort: America‟s romance 
with air-conditioning” that our dependence on modified indoor climate was seen as “an 
indication of softness in American character – we were all becoming complainers and 
whiners, and we were too dependent on our machinery”(Curry 2002).  We are 
unknowingly getting accustomed to a „universal‟ indoor temperature for our commercial 
work space and many occupants are finding it difficult to accept slight deviations of 
temperature settings. Occupants who demand thermal comfort often do not realise that 
there is quite a range of acceptable levels of personal thermal comfort. Mechanical 
systems cannot deliver uniform climate to indoor spaces for a variety of functional 
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reasons and even if they could, occupants do not respond uniformly to the same thermal 
conditions. However, research has shown a relationship between personal thermal 
comfort in the workspace and productivity of the employees.  This fact should not be 
lost on employers and building owners. Research by Leaman and Bordass reveal that the 
“more comfortable people say they are…the more productive they say they are”(Leaman 
and Bordass 2005).  In this aspect, they identified five „killer‟ variables - personal 
comfort, responsiveness to need, type of ventilation, workspace layout and design intent 
that have critical influence on the perceived productivity of the occupants in buildings.  
Their research showed a significant association of the speed of response from facilities 
management with occupant satisfaction - “Many of the buildings which work well in 
post-occupancy studies appear to have the capability to meet people‟s needs very rapidly 
either in anticipation or as they arise” (Leaman and Bordass 2005).   There was also an 
obvious link as well between occupant satisfaction and the amount of personal control 
over their work comfort environment. 
Other researchers like de Dear also highlight the „Hawthorne effect‟ which is the 
outcome of research in the 1920‟s which showed that the “social milieu of the worker 
(e.g., management being seen to be improving the workers‟ environment) was more 
important to productivity than actual environment conditions per se”(De Dear 2004).  
Gary Raw is cited in Leaman‟s article as noting that facilities management are apt to 
disregard user complaints of thermal discomfort because “perceived and measured 
conditions can be different.” Often, when facilities personnel investigate a complaint 
about a space being too hot, they usually just check the temperature without investigating 
other mitigating factors like air movement - “in buildings, people are the best measuring 
instruments; they are just harder to calibrate”(Leaman and Bordass 2005). 
The balance between local and central control is best realised at the beginning of a 
building design so that the architecture and building services can be integrated effectively. 
The ability to give some local control to the occupants will have overall benefits. If the 
design intent of the building is also understood by the users, this gives them the 
opportunity to control their indoor environment to a greater degree and this in turn, 
enables us to provide a more comfortable workplace resulting in a much happier and 
productive group of employees. 
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2.5 Building Design 
2.5.1 Design 
Leaman and Bordass advise that buildings with a management strategy developed from 
the beginning of design are more likely to perform better (Leaman and Bordass 2005).  A 
building is better designed and will function more efficiently if ventilation strategies are 
integrated with the design process rather than as a separate element.  Bordass notes that 
“it is easier to design a crude building and use AC to sort out the environment than it is 
to prepare an integrated design”(Bordass 2001).  Very often building design is split into 
architectural and building services with little integration between them.  The management 
of the facilities or end-user requirements are often not well considered at the design level 
which would sometimes negate the original intent of the building design.  
Leamann and Bordass also cite Edward Tenner‟s „revenge effects‟ in buildings, where 
“technical elements often work reasonably well in isolation or in theory but when 
included as part of a wider system of operation induce inefficiencies which ultimately 
affect the ability of people to perform their work properly”(Leaman and Bordass 2005).   
Leaman and Bordass note that naturally ventilated or mixed mode buildings tend to be 
simpler for users to understand and operate so, in this way, the design intent is better 
communicated to users.  “Because users understand better what ought to happen, they 
are more tolerant if actual performance does not quite live up to expectations”(Leaman 
and Bordass 2005). As the subtropical climate of South East Queensland lends itself to 
naturally ventilation most of the year, it would be highly plausible that building occupants 
with local control will be more satisfied and productive at their workplace. 
De Dear‟s report to ASHRAE regarding Standard 55-1992 proposes incorporating 
adaptive comfort standards in future revisions which would allow “warmer indoor 
temperatures for naturally ventilated buildings expressed as a function of mean monthly 
outdoor temperature.  This new standard is intended to give designers more flexibility to 
design naturally ventilated buildings in climates where it is feasible”(Brager and de Dear 
2003). This should encourage designers in subtropical Brisbane to consider how a 
naturally ventilated or hybrid building could lower/raise indoor temperatures to 
correspond with external climate and thereby reduce energy use and GHG emissions.  In 
this way, a building design that responds to subtropical elements should also include the 
Adaptive Comfort Model aspects of air-conditioning and ventilation that would also 
respond to the subtropical context.  Besides lowering energy costs and GHG emissions, 
we would be encouraging building design that responds to its cultural context as well. 
Research done by Kolokotroni et al is quoted in Nicol and Humphreys ((Kolokotroni, 
Kukadia et al. 1996) showing that “naturally ventilated buildings typically use less than 
half as much energy as those with air conditioning.”  However, the success of any 
naturally ventilated or mixed mode building design has been shown to be greatly 
dependent on the knowledge of occupant behaviour as is shown in a study done by 
Nicol and Humphreys themselves:  
“Of the different possible approaches to energy efficiency for existing buildings, 
close understanding and control of heating, lighting, and ventilation systems, 
together with a deeper understanding of human thermal comfort needs, has the 
greatest potential to deliver savings.” (Nicol and Humphreys 2004) 
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The results of their study show that building occupants use a variety of controls to enable 
indoor thermal comfort and though variations were found in climatic and cultural 
groups, similarities were uncovered such as the opening of windows for ventilation and 
the use of fans and blinds.  
 
2.5.2 Collaboration 
Through a study of sociology and psychology, we understand that behaviours can be 
modified or influenced.  Through information and education, we can motivate designers 
or building owners to consider reforming their attitudes towards thermal comfort via air-
conditioning and its related energy use.  Brager and de Dear (Brager and de Dear 2003) 
report that studies on residential homes done by Kempton (1992) and Lovins (1992) 
indicate that energy reductions can be achieved when consumers were given feedback 
about their consumption and suggestions on how to incorporate energy saving measures 
such as gradual thermostat resets or when to shut off the air-conditioner and open a 
window instead. 
Reduction of GHG emissions in commercial buildings require the collaboration of all 
parties involved in the design and operation of buildings. The user can be educated on 
using appropriate type of clothing, understanding personal space conditioning and 
comfort expectations but education of the user alone is not the total solution.  The 
engineer and architect have to be involved at the design stage and work to maximise 
thermal comfort by considering Adaptive Comfort Model principles.  The maintenance 
crew are also involved as they are the ones who need to find workable solutions of 
thermal comfort for the occupant that are also energy efficient.  The owners can also be 
informed on the positive aspects of operating a naturally ventilated building to lower AC 
and energy use. 
Bordass summarises in his work and that of his colleagues that “the magic formula is for 
a client really to want their building to be both comfortable and energy efficient (and cost 
effective too), to find designers who can work together to deliver it, and take enough 
care in procuring and in managing it to achieve it”(Bordass, Bromley et al. 1995). 
2.6 Overview 
This first section of our paper documents our research into thermal comfort through a 
review of current literature. Our investigation into thermal comfort of buildings revealed 
that the notion of satisfactory thermal comfort varies with different people as well as 
people in different cultures. Researchers have found that our thermal preferences are 
shaped by social influences as much as physiological ones.  This indicates that thermal 
comfort in buildings cannot be obtained automatically due to the difficulty of satisfying 
the many variables pointed out including personal preferences. 
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3 RESEARCH DESIGN 
3.1 Methodology 
The pilot project was designed with two main directions: to implement changes to the 
physical environment through increasing the AC temperature set-points in two buildings 
for the four summer months and secondly to gather the perceived physiological and 
psychological responses to these physical changes. 
The multi-disciplinary project team encompassed the disciplines of engineering, 
humanities and Facilities Management and undertook the following tasks: 
1. Altering of set-points was done through the Facilities Management (FM) Building 
Management System (BMS) but there was no alteration of the ventilation rates.  
Monitoring and measuring ventilation and cooling cycles, and electricity use 
during the study period was also carried out. 
2. Monitoring of some indoor office areas for temperature and humidity. 
3. Gathering of outdoor weather data from the closest Bureau of Meteorology site 
4. Analysis of data for comparison with previous summer use, including weather 
data for each period.  Then from this data, savings in kWh, greenhouse gas 
emissions and actual costs were determined. 
5. Analysis of dollar savings in comparison with total building electricity costs 12 
6. Changes in system performance and energy use were quantified by Facilities 
Management engineers and external consultants 
7. Devising and implementing promotional and communication strategies and 
materials to encourage active participation of stakeholders.  
8. Conducting surveys to analyse and evaluate building users‟ responses, both 
physiological and psychological.  Issues that are addressed include feelings of 
wellness and comfort; perceptions of „hot‟ (skin wetness) and „cold‟ (skin 
temperature) ; occupant expectations; activity levels; past experiences; 
acclimatization; age, gender, race, cultural influences; cognition (e.g. of 
environmental drivers as well as operational issues such as payment of electricity 
bills); perceptions of fashion and comfort; attitudes towards clothes / status and 
adopting climatically responsible clothing for business. 
QUT Facilities Management assisted in the selection of appropriate buildings, and made 
appropriate HVAC adjustments, monitored plant performance and provided access to 
performance data (both current and historical data).  Operational characteristics of the 
HVAC system were set to maintain an appropriate ratio of return to supply air. 
The set-point for both buildings was raised from 23ºC to 25ºC on 11th December 2006, 
one week after notifying staff that the temperature would be changed.  Building D 
remained on this set point until the first week in April.  Building A was changed to 24ºC 
on 24 January 2007 due to a high number of combined formal and informal complaints 
from staff on levels 2 and 3. 
                            
12 This was analysed with a view to the potential of funding further resource efficient energy 
management activities on QUT campuses.  Other consumers could consider using monetary savings to 
fund GreenPower purchases with an aim to make the participating buildings carbon neutral. 
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Participant surveys were sent out to all BEE staff (on GP campus) and to general 
administrative staff in A block every two weeks. The project involved tracking staff 
responses to the changes in the physical environment through 
1. Pre-project notification and feedback 
2. Regular (fortnightly) electronic surveys 
3. End of project Focus group 
4. Informal  and unsolicited feedback 
5. Complaint rate to FM call centre 
This work was undertaken by BEE Faculty Staff in conjunction with staff from QUT‟s 
Centre for Social Change Research. 
Although the physical environment would be altered in only two buildings, all BEE staff 
of QUT‟s Faculty of Built Environment and Engineering were invited to participate, 
offering a „control group‟ of staff occupying a further four buildings.  Additionally 
general administration staff occupying the ground floor of Building A also agreed to 
participate 
3.2 Scope and Limit of Research 
It was acknowledged that there are other key building performance areas including water 
efficiency and noise levels which needed to be addressed.  The focus of this project was 
on the performance, energy usage and GHG emissions of HVAC systems, although 
water usage was included in the engineering assessment and some noise issues were 
covered in the building assessments 
3.3 Physical Environment 
There is a general consensus amongst commercial building facilities providers and 
managers that the requirement for adequate ventilation, as specified by the Building Code 
for Australian and the Workplace Health and Safety Act, needs to be met by centrally 
controlled mechanical HVAC systems, and this view is held strongly within QUT.   
Even with this acceptance of duty however, QUT‟s 2006 Audit of Built Assets identified 
that overall the HVAC systems of the university were 4% below what was considered 
acceptable.  Key deficiencies included: 
1. Some spaces were not air-conditioned, had poor general ventilation and hence 
significant reduction in overall amenity of the space. 
2. Air balancing of the system was a problem in some spaces that were air-
conditioned. 
3. Some internal office spaces were poorly designed with respect to lighting, aspect 
and ventilation.13 
The report acknowledged that these issues were impacting on the effectiveness of work 
carried out in areas.14 
 In consultation with Facilities Management, two buildings were selected for alteration of 
the thermostat set points.  The buildings were selected on the basis of their use 
                            
13 QUT condition Audit and Revaluation of Built Assets and Infrastructure, Master Report, Dec 2006, 
pg.28 
14 QUT condition Audit and Revaluation of Built Assets and Infrastructure, Master Report, Dec 2006, 
pg.20 
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(predominantly BEE staff, with some general administration staff), and AC plant (they 
are both fully conditioned and use the same chiller plant) and location (adjacent to each 
other). 
QUT‟s 2006 Condition Audit of Built Assets was used to provide a clear indication of 
the building type, size and age, HVAC type and age and specific pre-identified problems 
relating to the HVAC system.  These are summarised in Table 3-1.
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 BUILDINGS WITH ALTERED AC PARAMETERS CONTROL BUILDINGS 
Building A D L O Q S 
Type/Function 
Administration, 
lecture rooms, offices 
Offices, lecture rooms, 
computer  labs 
Offices, lecture rooms, 
research laboratories 
Offices, lecture 
rms wkshops, 
theatres, 
specialist labs 
Teaching 
and 
research 
facilities 
Lecture rooms, 
offices, computer 
labs 
Constructed 
Circa 1919 1999 1969 1967 1970 1992 
Total floor area 
2197m2 6205 m2 9987 m2 10955 m2 10961 m2 19623 m2 
Levels (useable) 
3 5 10 7 9 14 
Levels (Plant room) 
0 1 (roof) 1 (roof)  2 (basement) + 
1 (roof) 
3 2 
General building 
condition
15
 
Fair (3) Fair – Good (3-4)  Poor – Fair (2-
3) 
Fair (3) Fair – Good (3-4) 
A/C Services 
Full  Full Partial Partial Partial Full  
A/C condition
16
 
Fair (3) Fair (3) Poor (2)
17
 Poor (2) Poor (2) Fair (3) 
Identified A/C 
functionality issues  
Poor AC in level 1 
small rooms; 201/204 
frequently cold; Level 
3 generally warm / 
uncomfortable 
Poor air distribution, 
particularly level 1; 
generally too cold in 
summer; very noisy AC 
some rooms; continual AC 
balancing problems 
No natural ventilation; 
windows locked 
permanently to meet 
changed WH&S / BCA 
requirements? 
No specific 
recorded AC 
issues for BEE 
facilities on 
level 7 
Backlog of 
AC 
maintenanc
e work  
 
AC balancing 
problems 
throughout 
building; upgrade 
of AC controls 
planned for 2009 
Table 3-1:  Condition of Buildings involved in pilot project. 
                            
15 General Building Condition:   
Fair (3) = Average condition, services functional but require attention; backlog maintenance work exists  
Good (4) = Superficial wear and tear and minor defects  
Excellent (5) = No defects; condition and appearance as new 
 
16 Functionality Assessment - A/C general condition:   
1-2 = unsuitable / poor 
3-4 = barely adequate 
5-6 = adequate / suitable 
 
17 Most air conditioning plant scheduled for replacement in 2009 
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4 ENERGY DATA – COLLATION AND DATA 
ANALYSIS 
4.1 Temperature and Humidity Data 
Long term climate data for Brisbane was compared with actual weather data for the 
period of the project to determine if this summer was significantly hotter or colder than 
long term averages.18  This data was correlated to the measured temperature and relative 
humidity data collected from 5 offices in the affected buildings.19  The specific spaces 
were identified as being „problematic‟ or „high complaints‟ offices, and were selected to 
provide quantitative data20 to compare with BMS system performance parameters and 
occupants‟ perceptions.  The data is summarised in Tables 4-1 and 4-2.   
The main point observed from this data is that, with the exception of higher than normal 
temperatures for March, this summer did not present any climate extremes that would 
need to be taken into account for the purposes of this project.  Additionally the recorded 
temperature data for four of the offices show that the AC system was not performing to 
specified parameters (i.e. the staff thermal discomfort appears to be related to 
temperature).   
The fifth office (A105) is a small internal office occupied by the cashier.  Whilst the data 
did not measure any extremes in temperature, the space has a history of poor thermal 
comfort.  This may be related to both temperature and ventilation.   
4.2 Energy Data and Analysis 
Initially it was planned to install meters on the AC plant supplying buildings A and D and 
to the buildings‟ power boards.  Unfortunately this was not possible due to other more 
urgent demands on FM staff and finances at the time. 
Staff discontent in A block in mid January culminated in a meeting of occupants, the 
project team and Facilities Management to discuss the project and the performance of 
the building.    From a building management perspective, this meeting lead to FM 
looking at the building‟s BMS more closely whereby it was discovered that raising the set 
point (to 25ºC) had unmasked pre-existing sensor calibration errors and control 
algorithm errors.  The AC system in A block was consequently re-commissioned, 
allowing the AC system to perform to its design parameters, and there was a subsequent 
drop in the number of official (and unofficial) complaints from staff (compared to the 
same period the previous summer).  Refer to Section 5 of this paper regarding social 
aspects of this unrest. 
 
                            
18 Refer to Appendix A for Brisbane temperature and relative humidity data for the research period. 
19 Ideally it would have been preferable to attach simultaneous and contiguous values for air 
temperature, mean radiant temperature, humidity and mean air speed with each and every questionnaire 
response.  This was not possible given the restricted project budget. 
20 Refer to Appendix B for temperature and relative humidity data for selected offices. 
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SUMMER CLIMATE DATA21 SUMMER 06 – 0722 
(30 years’ statistics from 1971) (mean max/min in brackets) 
  Dec Jan Feb Mar Dec Jan Feb Mar 
Daily 
Min °C 
19.8 
(20.9) 
20.7 
(21.7) 
20.6 
(21.4) 
16.6(20.3) 
15.3 
(18.7) 
17.5 
(21.3) 
18.4 
(20.8) 
16.5 
(20.6) 
Max °C 
29.1 
(29.4) 
29.4 
(29.5) 
29 
(29.1) 
28(28.6) 
31.6 
(27.4) 
34.2 
(29.8) 
31.2 
(29.4) 
37.9 
(30.8) 
9am 
Mean °C 
25.4 
(25.8) 
25.7 
(25.9) 
25.3 
(25.4) 
24.1(24.3) 24.4 26.4 26.1 26.3 
Min °C     18.6 19.8 20.9 23.2 
Max °C     27.1 29.8 27.9 28.7 
Mean RH 62(63) 66(67) 70(71) 71(71) 58% 63% 64% 62% 
Max RH     86% 93% 90% 78% 
3pm 
Mean °C 
27.1 
(27.5) 
27.6 
(27.8) 
27.4 
(27.5) 
26.3 
(27.1) 
25.4 28.2 27.4 28.7 
Min °C     18.2 23.6 21.2 24 
Max °C     28.2 32.6 30.1 34.9 
Mean RH 58(58) 59(59) 61(61) 60(59) 54% 57% 57% 52% 
Max RH     89% 66% 88% 81% 
Table 4-1:  Brisbane’s mean summer climate data and weather data for summer 06-07. 
 
 
Table 4-2:  Measured office temperature Jan – Mar 07. 
                            
21 Brisbane Summer Climate Data:  Statistical climate data for Brisbane is based on all years on record, followed, in brackets, 
by the 30 year record 1971 – 2000.  This climate data is based on the mean for the relevant period 
22 Summer 06-07:  Shows actual minimum and maximum temperatures for the month, plus the mean max/min for that month 
  OFFICE MEASURED DATA 
  A105 A204 A312 D318 D521 
Daily 
Min 
o
C 20.8 21.7 22.9 23.2 23.6 
Max 
o
C 27.1 31.9 31.1 29.5 29.5 
9am 
Mean 
o
C 25.2 26.7 27.4 27.4 27 
Min 
o
C 22.0 22.1 23.2 25.2 24.4 
Max 
o
C 26.3 30.3 29.5 28.7 27.9 
Mean RH 57% 56% 55% 51% 52% 
Max RH 67% 66% 65% 63% 65% 
3pm 
Mean 
o
C 24.4 25.9 25.5 26 26.6 
Min 
o
C 22.1 22.5 23.2 25.2 24.8 
Max 
o
C 27.1 30.7 30.3 29.1 28.3 
Mean RH 56% 57% 57% 54% 49% 
Max RH 63% 67% 62% 65% 57% 
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The collection of actual performance data in offices was restricted to access to 
appropriate measuring devices.  The monitors were not in place for the whole 4 months, 
but for between 28 and 56 days between late January and late March.   
Office data was analysed for 8am – 6pm only, to reflect usual occupancy parameters.   
9am and 3pm data calculated as mean, max and min as recorded every 10 minutes 
between 9-10 am and 3-4  pm respectively 
1. A105 is a small cashier‟s office (8.96m2) with no exterior windows.   
2. A204 is an open plan office (111.41m2)  
3. A312 is an open plan office (110.09m2)  
4. D318 is a small office (12.61m2 )  
5. D521 is an office (12.16m2) 
Note that the mean maximum temperature for each of the offices measured was outside 
of the operating paramenters of the HVAC system (25ºC) by 1.3 to 6.9 degrees. 
4.3 Modelling Methodology 
In lieu of actual metered data, QUT FM contracted Multitech Solutions (consulting 
engineers) to undertake a series of energy simulations based on D block, for three 
common occupancy types and temperature set points, to determine energy, water and 
greenhouse gas emissions from each variation.  The aim was “to produce energy and 
resource usage results that would be applicable to buildings at the University, not to 
simulate actual energy consumption of existing buildings.”    
The occupancy types modelled were an office area (329m2), a computer lab (329m2) and 
a lecture theatre (296m2).  Standard BCA23 2006 Class 5 schedules were used in the 
modelling of the office and lecture theatre (assumed operation 7am – 6pm, 5 days/week), 
whilst 24 hour usage (both lighting and equipment) was modelled for the computer lab.  
Internal loads for each of the spaces were nominated by the consultant to reflect typical 
university usage.  The consultants used the Beaver program to perform the modelling.  
(See Appendix D for an explanation of this program.) 
The following Table 4-3 displays the relative relationship of lighting, equipment and AC 
in the electricity consumption of each occupancy type. 
 
 LIGHTING EQUIPMENT HVAC 
Lecture Theatre 26.0 6.6 67.5 
Office 26.2 21.2 52.6 
Computer Lab 16.6 33.1 50.3 
Table 4-3:  Breakdown of electricity use (% of total) per occupancy type. 
 
4.4 Modelling Methodology 
The modelling was carried out based on the following parameters 
                            
23 Building Code of Australia 
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1. Drawings as provided by QUT 
2. Site visit to determine relevant shading and glazing  
3. Each space was assumed to have a single unit air conditioning unit with its own 
appropriately sized chiller unit to handle the space‟s cooling needs 
4. The chiller was assumed to have a COP of 5 
5. Weather data and public holidays for Brisbane were taken into account 
Each occupancy type was modelled on three different summer/winter set points:  
1. Current - 23/21ºC  
2. Summer - 25/21ºC 
3. Winter - 23/20ºC 
Note that a scenario of higher summer set point AND lower winter set point was not 
modelled. 
4.5 Savings Analysis 
Data from each of the modelled scenarios was used to determine, for each occupancy 
1. the total end use electricity per year (in MWh) 
2. the primary energy use (electricity sector efficiency of .32) 
3. greenhouse gas emissions (assuming 1.05 tonnes per MWh) 
4. water usage (litres per day, then litres per year, based on occupancy assumptions) 
5. annual costs (assuming 8c/kWh) C 
6. Chiller plant capacity (size of plant needed to supply the required cooling) 
These results are shown in Table 4-4 below.  It is clear to see that, for all occupancy 
types, raising the summer thermostat setting 2 degrees would result in savings in end use 
energy, associated electricity costs, primary energy, greenhouse gas emissions, water use 
and capital costs in the size of chiller plant required. 
 
  
END USE 
ENERGY 
MWH/YR 
PRIMARY 
ENERGY 
MWH/YR 
CO² 
EMISSIONS 
(TONNES/YR) 
WATER 
USAGE 
L/DAY 
WATER 
L/YEAR 
ELECTRICITY 
COSTS $/YR 
CHILLER 
PLANT 
CAPACITY 
Lecture Current 32.51 101.58 34.13 33 8125 $2,600 76 
Lecture Summer 30.55 95.47 32.08 29 7150 $2,444 67 
Lecture Winter 33.30 104.06 34.96 33 8125 $2,664 76 
Office Current 35.86 112.05 37.65 20 4908 $2,868 46 
Office Summer 33.39 104.33 35.05 18 4485 $2,671 42 
Office Winter 35.78 111.80 37.56 19 4810 $2,862 45 
Computer Current 133.50 417.19 140.18 50 17892 $10,680 64 
Computer Summer 111.52 348.51 117.10 47 16529 $8,922 59 
Computer Winter 116.44 363.88 122.26 50 17892 $9,315 64 
Table 4-4:  Resource usage per occupancy under 3 HVAC operational scenarios. 
 
Based on the typical occupancy usage of buildings A and D, this data was then used to 
calculate the savings in electricity usage, greenhouse gas emissions and costs that could 
be attributed to this project.  This data is shown on Table 8.  Note that Building A was 
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classified as 16% lecture theatre / seminar rooms, 84% office space; Building D was 
classified as 3% computer rooms, 17% lecture rooms, 80% office space. 
 
INDICATIVE ANNUAL SAVINGS FROM SUMMER THERMOSTAT SETTING AT 25OC 
  Block A Block D Combined 
End Use Energy MWh / yr 13.64 51.33 64.97 
Primary Energy MWh / yr 42.63 160.41 203.04 
Water Use KL / yr 3.51 10.72 14.23 
Greenhouse gas emissions tonnes / yr 17 61 78 
Electricity costs $/yr $1,295 $4,646 $5,941 
Table 4-5:  Estimated resource savings Buildings A and D,  QUT. 
 
The Table 4-5 above shows that there are broad economic and environmental benefits 
from altering the summer set point to 25 degrees (from the norm of 23 degrees).   
1. Cost savings to the university will be achieved  through lower electricity usage 
and  lower water usage.  If the modest savings in electricity costs were used to 
purchase Green Power (at a 3c premium, this is sufficient to purchase 198 MWh), 
the two buildings‟ carbon emissions from electricity could be reduced a further 
20% (207 tonnes per annum).  Savings from water use reduction could similarly 
be used to partially fund further water efficiency and water collection strategies 
on campus 
2. If a price is attached to carbon in the near future, the greenhouse gas emissions 
reductions would have a base value of at least $1560 (based on $20 tonne), or 
$5718 if Green Power was purchased with electricity savings resulting in further 
carbon savings.  The full financial and environmental implications and 
opportunities arising from combining energy efficiency measures, Green Power 
purchases and carbon trading need further research 
3. The savings in primary energy have implications for Queensland‟s electricity 
generation and transmission / distribution infrastructure requirements.   
4. The modeling by Multitech Solutions also seemed to indicate that there was a 
lowering of the peak demand by 4Kw (for a single office of 329m2) under this 
scenario as well. (This would equate to a 70Kw peak demand reduction from 
office occupancy of Blocks A and D.) The full extent of this needs further study 
as the implications for Queensland‟s constrained electricity network would be 
very significant. 
5. Reduction in chiller plant capacity requirement (8 – 12%) would result in 
significant capital savings for new plant / buildings. 
These savings highlight the benefits of incorporating cultural responses to human 
comfort rather than merely focusing on physical, engineering solutions.  A university that 
has taken just the engineering approach is the University of Buffalo in the USA.  In the 
mid 1990‟s this university invested USD $17 M in energy saving technologies (e.g. the 
installation of variable-speed drives and improved monitoring controls on HVAC 
systems, as well as room-by-room temperature controls in some newer buildings) which 
have resulted in a payback period of less than 10 years.  Despite this technological 
approach to reducing the financial and environmental burden of energy use on campus, 
they also acknowledged that they could (but have not) lower heating temperatures in the 
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winter and raise cooling temperatures in the summers, just as one might adjust a home 
thermostat.  James Willis, UB‟s executive VP for finance and operations: “If our building 
tenants could change their habits and tolerate these temperatures that means UB could 
maximize savings as much as possible.24 
4.6 Further Savings 
Further electricity (and greenhouse emissions) savings opportunities were also clarified 
during the course of this pilot.  Whilst AC operations accounted for over 50% of the 
electrical load for each occupancy type, other energy uses (lighting and equipment) offer 
significant opportunities for further savings:  
1. Behavioural changes resulting in staff and students switching off un-used 
equipment and lights will minimise the current waste that was noticed during this 
project (many areas left with lights and computers on although spaces were 
unoccupied).   
2. Changes to procurement practices (e.g. requiring all computers and office 
equipment to be Green Star rated), maintenance and operational design (e.g. 
movement sensors for lights and AV equipment in lecture rooms) are also likely 
to produce significant savings.   
The added benefit of reducing the energy use of lights and computer equipment is the 
associated reduced heat load in those rooms, thereby reducing the work of the AC 
system. 
4.7 Facilities Management Energy Management 
Program 
The investigations associated with the project in respect to the calibration, set-up and 
lack of optimization of air conditioning controls is as expected by the FM Department 
and further validates the creation of a HVAC Controls Technician position within the 
FM Department mid year 2006.  (QUT have so far been unable to fill this position, 
despite broad advertising several times.)   
The labour resources currently associated with this position are being directed (through a 
contracted consultancy) to the optimization of AC services at QUT in respect to the AC 
system run time and the optimization of heating / cooling control strategies.   
These AC control strategies are expected to result in a 15% reduction in annual electricity 
consumption resulting in savings of $600,000 in 2008 compared to a normalised 
consumption using 2006 as a base year.  Figure 4-1 of electricity consumption trends 
seems to indicate that QUT is already seeing the benefits of its work in this area.  
Furthermore QUT has established an Energy Management Working Party with the 
intention of conducting energy audits and formulating policy on energy management at 
QUT, as well as directing associated activities and reviewing energy performance on 
QUT campuses.    It encourages the involvement of the broad university community to 
contribute by adopting energy saving practices and behaviours.     
                            
24 UB Today: Controlling fuel and power costs impacts academics and helps the environment too. 
Online news item from http://www.buffalo.edu/UBT/features/energy.html 
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This has not been formalized yet throughout the university, and it is hoped that this 
project is seen as the first step in towards a fully integrated and inclusive energy 
management culture at QUT. 
Electricity Consumption Trends (2003 to Present) :- QUT Gardens Point Campus
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Figure 4-1:  Electricity consumption trends 2003  -  2007. 
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5 PARTICIPANT RESPONSE AND SURVEY 
ANALYSIS 
5.1 Design of Survey Form 
A short questionnaire (see Appendix C) investigating levels of comfort and related 
circumstances was administered to building occupants on a fortnightly basis via email.  
The questionnaire asked participants to rate on a five point scale how comfortable they 
were from very comfortable to very uncomfortable and then asked participants to 
describe how they felt from very hot to very cold to monitor for individual differences.  
The survey was primarily intended as a monitoring and feedback tool that would enable 
project team members to identify circumstances where intervention may be required.  As 
a change management tool, it proved particularly useful with 106 staff taking the 
opportunity to provide feedback via the survey.  Furthermore, in preparation for future 
research, the survey also included questions that enabled initial exploration of the 
relationship between levels of comfort and the nature of recent activity  (e.g. sitting 
quietly, walking around, etc), clothing, transport to work and household and car air-
conditioning use.  However, the survey was limited in a number of areas: 
1. The sample size was small 
2. A self-select sampling method was used where participants may have had 
particular motivations for participation 
3. Participants could choose when they participated (e.g. a participant may choose 
to participate only when he/she felt uncomfortable) 
4. There was a lack of directly correlating internal and external temperature data 
which limited exploration of the relationship between perceptions of comfort 
and internal and external temperature changes 
5. There were uneven participant numbers in experimental and control buildings 
Given these limitations, the findings from the survey cannot be extrapolated beyond this 
sample.  They do, however, suggest some important areas for future research. 
5.2 Quantitative Survey Analysis 
5.2.1 Orientation 
Staff surveys were correlated to their specific work environment in each building and 
each room was allocated an orientation number as indicated below: 
0 = location undetermined 
1 = 315 W - 45 E (northerly) 
2 = 46 E -135 E (easterly) 
3 = 136 - 225 (southerly) 
4 = 226-315 (westerly) 
5 = internal office (no external walls) 
There was no discernable correlation between room orientation and staff complaints 
about thermal comfort 
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5.2.2 Age, Location & Submission Times 
One hundred and six QUT staff members participated in the Same Latitude, New 
Attitude Pilot Project, with a total of 273 surveys submitted.  Approximately 38% of the 
sample submitted once (or 106 individuals), 21% of the sample (or 58 individuals) 
submitted the survey twice, 14% (or 37 individuals) submitted three times, 8% (or 22 
individuals) submitted four times and an additional 18% (or 50 individuals) submitted 
between five and nine times. 
Of the 106 participants, 47% were male and 53% female.  Table 5-1 presents the age 
ranges of respondents (for all submissions and for the first submission only), 
demonstrating that 41.5% of participants were aged 30 to 45 years and 33% of 
participants aged 46 to 60 years. 
 
AGE BRACKET TOTAL SUBMISSIONS   % 
(N=273) 
FIRST SUBMISSION ONLY  %  
(N=106) 
Under 30 years 21.2 20.8 
30 – 45 years 45.7 41.5 
46 – 60 years 29.4 33.0 
Over 60 years 3.7 4.7 
Total 100.0 100.0 
Table 5-1:  Participant Age Ranges 
The majority of the sample was from A (25.5%) and D (33.0%) blocks.  Table 5-2 
presents the participants‟ location by building for all submitted responses and first 
submission only.  The largest number of submissions was from D block.  Approximately 
one-third of respondents‟ offices were located in a westerly direction (38%), 20% located 
in a southerly direction, 14% in a northerly direction, 11% in an easterly direction, and 
18% either undetermined or located in a section of the building with no external walls. 
 
BUILDING TOTAL SUBMISSIONS   % 
(N=273) 
FIRST SUBMISSION ONLY   % 
(N=106) 
A 26.4 25.5 
B 0.4 0.9 
D 42.1 33.0 
L/G 4.1 6.6 
O 5.5 9.4 
Q 2.9 3.8 
S 17.9 19.8 
Z/U 0.8 0.9 
Total 100.0 100.0 
Table 5-2:  Participant Location by Building (n=97) 
Surveys were completed at various times across the working day, with Figure 5-1 
displaying the spread of the 273 submissions.  Almost one-third (30%) of responses were 
submitted between 11.30am and 1.30pm. Data was collected during December 2006 and 
January 2007 through to March 2007. 
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Figure 5-1:  Survey Submission Times 
5.2.3 Clothing 
Participants were asked to specify the types of clothing worn at the time of survey 
submission by checking items from a list of various types of clothing and footwear.25 
Table 5-3 presents the proportions of respondents wearing these differing types of 
clothing.  Over half of responses were from individuals wearing short-sleeved shirts 
(54%) and long trousers (53%).  Approximately 8% of responses were from individuals 
wearing a sweater or a jacket.  A clothing score was also developed to examine the 
relationship between the number/weight of clothing layers and variables such as general 
comfort. 
 
ITEM OF CLOTHING % OF SAMPLE WEARING 
Slip/Petticoat/Camisole 4 
Singlet or Vest 9 
Pantyhose/Stockings 2 
Socks (Short) 41 
Socks (Long) 6 
Sandals 27 
Semi-enclosed Shoes 12 
Enclosed Shoes 48 
Sleeveless Top/Shirt 17 
Short-sleeved Top/Shirt 54 
Long-sleeved Top/Shirt 26 
Dress 3 
Skirt 29 
Shorts 7 
¾ Length Trousers 8 
Long Pants/Trousers 53 
Tie 2 
Sweater/Cardigan (Light-Medium Weight) 4 
Vest - 
Table 5-3:  Respondents’ Clothing 
                            
25 List adapted from ASHRAE Standard 55-1992 
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5.2.4 Transportation to Work 
Table 5-4 presents information related to how participants usually travel to work, and the 
length of time this takes.  The most common methods of travelling to work were walking 
(44%), bus (39%), car (37%) and train (29%).  Respondents tended to spend 
approximately 20 to 30 minutes either travelling by public transport or car (mean=24.0 
minutes) or walking to work (mean = 20.6 minutes). 
 
MODE OF TRANSPORT % MEAN TIME  (MINUTES) 
Train 29 29.9 
Bus 39 31.4 
City Cat/Ferry 7 30.1 
Car 37 24 
Cycle 7 30.1 
Walk 44 20.6 
 Table 5-4:  Usual Mode of Transport and Length of Trip 
5.2.5 Personal Air-conditioning Use 
In terms of the presence of air-conditioning in their homes and cars, 41% have air-
conditioning installed in their bedrooms, 50% in their home living areas and 78% have 
air-conditioning in their cars (see Figure 5-2; n=273).  Although most of the sample have 
air-conditioning in their homes and/or cars, most had not used it on the day of response 
(e.g. 78% have air-conditioning in their cars, with 33% using air-conditioning in their cars 
on the day of response). 
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Figure 5-2:  Presence and Use of Home and Car Air-conditioning 
5.2.6 Activity Level 
Respondents were asked to specify the types of activities they had been engaged in 10 
and 30 minutes prior to completion of the survey.  Table 5-5 presents the activity levels 
of respondent‟s in the 10 minutes and 30 minutes prior to survey submission.  Most of 
the sample had been sitting typing in the previous 10 minutes (76%) and previous 30 
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minutes (59%), with only 18% walking around in the previous 10 minutes and 29% 
walking around in the previous 30 minutes. 
 
ACTIVITY 
% PREVIOUS 10 MINUTES 
(N=273) 
% PREVIOUS 30 MINUTES 
(N=273) 
Sitting quietly 27 28 
Sitting typing 76 59 
Standing still 3 5 
On your feet 
working 8 14 
Driving a car - 2 
Walking around 18 29 
 Table 5-5:  Activity Levels – Previous 10 and 30 minutes 
5.3 Correlation with Temperature Data 
Minimum and maximum temperatures and the temperature and relative humidity at 9am 
and 3pm for Brisbane during December 2006, and January through to March 2007 were 
obtained from the Bureau of Meteorology (See Appendix A, Tables A.1-A.4).  In 
addition, a number of rooms in A and D blocks had temperature monitors installed 
(taking readings every 10 minutes) during the study.  Appendix B presents information 
related to the internal and external temperatures and humidity readings for two of the 
areas with internal temperature monitors (A312 and D5 Common Room).  
As expected there was a significant correlation between internal and external 
temperatures in A312 (n=55):  minimum temperatures (r=.51, p<.001); maximum 
temperatures (r=.64; p<.001); 9am temperatures (r=.45, p<.001); 3pm temperatures 
(r=.32; p<.05); mean daily temperatures (r=.59; p<.001).  There was also a significant 
correlation between internal and external humidity for room A312:  9am relative 
humidity (r=.40; p<.01); 3pm relative humidity (r=.69; p<.001).  For the D5 Common 
Room (n=27) there was a significant correlation between: minimum temperatures (r=.45, 
p<.05); maximum temperatures (r=.56; p<.01); mean daily temperatures (r=.41; p<.05). 
There was also a significant correlation between internal and external humidity for the 
D5 Common Room:  9am relative humidity (r=.75; p<.001); 3pm relative humidity 
(r=.70; p<.001).  
Figures 5-3 and 5-4 depict the mean internal and external temperatures for Rooms A312 
and D5 Common Room for the period of time where internal temperature monitors 
were installed. 
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Figure 5-3:  Internal and External Mean Temperature A312 
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Figure 5-4:  Internal and External Mean Temperatures D5 Common Room 
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5.3.1 General Office Comfort 
Participants generally found their office environments to be quite comfortable, with 
approximately 57% of participants finding their office environment to be slightly, 
moderately or very comfortable (see Figure 5-5).  Approximately 20% of the time 
participants found their office environment to be moderately or very uncomfortable, and 
24% finding their office to be slightly uncomfortable.  There was no significant 
association between general comfort levels and age or gender; general comfort levels of 
respondents and the use of air-conditioning in the car or home; general comfort levels 
and building or room orientation; general comfort levels and clothing worn.   
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Figure 5-5:  Level of General Office Comfort (n=273) 
 
Figure 5-6 depicts the mean comfort levels by fortnightly intervals and Figure 5-7 depicts 
mean comfort levels by building 
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Figure 5-6:  Mean Comfort Levels by Fortnightly Intervals 
 
The following Figure 5-7 depicts the mean general comfort levels by building (for 
buildings A, D, L, O and S) in fortnightly blocks from December 2006 to March 2007.  
Figure 5-7 presents the mean comfort levels (with 1=very uncomfortable, 2=moderately 
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uncomfortable, 3=slightly uncomfortable, 4=slightly comfortable, 5=moderately 
comfortable, 6=very comfortable) by two-weekly intervals.  There was a significant 
difference in comfort levels between the fortnight commencing the 7th December 2006 
and the fortnight commencing the 14th March 2007, with participants becoming 
significantly more uncomfortable by the end of the pilot project (diff=0.867; S.E.=.275; 
p<.05). 
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Figure 5-7:  Mean Comfort Levels by Building Dec 2006 – Mar 2007 
 
Figure 5-8 below depicts mean comfort levels by age and gender.  Although not 
significant, after the age of 45 there appears to be a trend whereby women get more 
uncomfortable. 
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Figure 5-8:  Mean Comfort Levels by Age and Gender 
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Table 5-6 below depicts levels of comfort by building.  Of those that were very 
uncomfortable, 33% were located in D Block and 33% were located in A Block. Of 
those that said they were moderately uncomfortable, 56% were located in D Block and 
24% in A Block. Within A Block, 28% were very comfortable and 28% were slightly 
uncomfortable; within D Block, 24% were very comfortable, 23% were moderately 
comfortable and 21% were slightly uncomfortable.  To explore differences in comfort 
levels by buildings, chi-square tests and an ANOVA demonstrated that there was no 
association between comfort levels of respondents and the buildings in which they are 
located in. 
 
 
COMFORT LEVELS BUILDING 
  A D L O S 
Very 
Comfortable 
% within Comfort Level 
29.40% 39.70% 0.00% 7.40% 19.10% 
 % within Building 
27.80% 23.50% 0.00% 33.30% 26.50% 
Moderately 
Comfortable 
% within Comfort Level 
19.30% 45.60% 8.80% 8.80% 10.50% 
 % within Building 
15.30% 22.60% 50.00% 33.30% 12.20% 
Slightly 
Comfortable 
% within Comfort Level 
20.00% 43.30% 3.30% 6.70% 26.70% 
 % within Building 
8.30% 11.30% 10.00% 13.30% 16.30% 
Slightly 
Uncomfortable 
% within Comfort Level 
30.80% 36.90% 1.50% 4.60% 21.50% 
 % within Building 
27.80% 20.90% 10.00% 20.00% 28.60% 
Moderately 
Uncomfortable 
% within Comfort Level 
25.00% 56.30% 3.10% 0.00% 15.60% 
 % within Building 
11.10% 15.70% 10.00% 0.00% 10.20% 
Very 
Uncomfortable 
% within Comfort Level 
33.30% 33.30% 9.50% 0.00% 14.30% 
 % within Building 
9.70% 6.10% 20.00% 0.00% 6.10% 
Table 5-6:  Activity Levels – Previous 10 and 30 Minutes 
 
In terms of the thermal environment, almost two-thirds of respondents found the 
thermal environment to be acceptable (61%) and 39% found the thermal environment to 
be unacceptable.  As expected, both chi-square ( 2=137.52, p<.001) and t-tests (t=15.68, 
p<.001) demonstrated that there is a significant association between general comfort 
levels and the acceptability of the thermal environment.  Again, as expected, respondents 
who said that the thermal environment was unacceptable were more uncomfortable than 
those who said that the thermal environment was acceptable. 
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Respondents were asked to describe how they felt at that particular moment, with 
approximately one-quarter (26%) being neutral, 17% being cool or cold, 22% being 
slightly cool, 30% being slightly warm or warm and 5% being hot (see Figure 5-9). 
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Figure 5-9:  Level of Thermal Comfort (n=273) 
 
Figure 5-10 below depicts feelings regarding how respondents felt by age and gender. 
 
Warm
Neutral
Cool
1.25
1.5
1.75
2
2.25
2.5
2.75
under 30 years 30-45 years 46-60 years over 60 years
Age
M
e
a
n
 H
o
w
 y
o
u
 f
e
e
l 
n
o
w
Male
Female
 
Figure 5-10:Mean Comfort Levels by Age and Gender 
 
Table 5-7 presents a crosstab of general comfort levels by thermal comfort.  Chi-square 
tests and ANOVA demonstrated a significant association between the comfort levels of 
respondents and the acceptability of the thermal environment ( 2=265.36, p<.001; 
F=54.58, p<.001).  A comparison of means demonstrates that those who were neutral or 
cool had similar mean general comfort levels; those who felt slightly warm or cool had 
similar mean general comfort levels and those that felt cold, warm, or hot had similar 
mean comfort levels (and were uncomfortable). This suggests that feelings of extreme 
heat or cold led to feelings of discomfort. 
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  THERMAL FEELING 
General comfort Cold/Cool Neutral Warm/hot Total 
 Very 
Uncomfortable 
% within How comfortable is 
your office right now ? 19.00% 0.00% 81.00% 100.00% 
  % within How you feel now 3.80% 0.00% 17.50% 7.70% 
 Moderately 
Uncomfortable 
% within How comfortable is 
your office right now ?     
  % within How you feel now 37.50% 0.00% 62.50% 100.00% 
 Slightly 
Uncomfortable 
% within How comfortable is 
your office right now ? 11.40% 0.00% 20.60% 11.70% 
  % within How you feel now     
 Slightly 
Comfortable 
% within How comfortable is 
your office right now ? 38.50% 9.20% 52.30% 100.00% 
  % within How you feel now 23.80% 8.50% 35.10% 23.80% 
 Moderately 
Comfortable 
% within How comfortable is 
your office right now ? 40.00% 33.30% 26.70% 100.00% 
  % within How you feel now 11.40% 14.10% 8.20% 11.00% 
 Very 
Comfortable 
% within How comfortable is 
your office right now ? 49.10% 28.10% 22.80% 100.00% 
 % within How you feel now 26.70% 22.50% 13.40% 20.90% 
 Slightly 
Comfortable 
% within How comfortable is 
your office right now ? 35.30% 57.40% 7.40% 100.00% 
  % within How you feel now 22.90% 54.90% 5.20% 24.90% 
Table 5-6:  General Comfort Levels by Thermal Feeling 
 
Respondents were also asked to describe whether they would like to be warmer or 
cooler, with 39% of respondents identifying that they would like to be cooler, 21% 
identifying that they would like to be warmer, and 40% saying they would not like a 
change to how they are feeling. 
Over half of respondents found the air movement in their office to be acceptable (very, 
moderately or slightly), with approximately 20% finding the air movement in their office 
moderately or very unacceptable (see Figure 5-11).  Almost half of respondents identified 
that they would like more air movement in their office (49%), 40% identifying no change 
desired and 11% identifying that they would like less air movement.  There is a significant 
correlation between comfort level and how participants felt about the air movement in 
their office (r=0.66, p<.001).  The more unacceptable the respondents felt about the air 
movement in their office, the greater the level of discomfort. 
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Figure 5-11:Level of Acceptability of Air Movement (n=273) 
 
5.4 Limitations 
Out of the 273 surveys submitted, only 21 had corresponding internal room temperature 
readings which limits the ability to fully examine the relationship between internal and 
external temperature and humidity. The participants started submitting responses on the 
7th Dec 2006 but the room temperature readings only commenced on the 25th Jan 2007. 
The readings were only obtained for a limited number of rooms in A and D block.   
 
In addition, in order to compare building data, there should have been a minimum of 50 
returned surveys from each building.  For future studies, exploring individualised 
biological /physiological aspects of comfort and thermal acceptability should also be 
considered. Individuals may have different perceptions of how they feel even if they are 
physically located in the same room. 
 
5.5 General Office Comfort 
5.5.1 Qualitative Feedback 
The Facilities Management call centre records all complaints received from staff / 
students.  The number of complaints relating to AC (temperature / ventilation) was 
compared between the summer of 05-06 and summer 06-07.  Results are shown in the 
following graph (see Figure 5-12) and reveal that:: 
1. There are relatively few official complaints about AC overall. 
2. A Block recorded less total complaints for the 4 month period this summer (25 
compared with 21), however the complaint rate in January 07 was higher than in 
the previous year.  The complaints from both summers relate for the most part 
to the same rooms. 
3. D block recorded an overall increase in the number of complaints (18 compared 
with 12), though less in January. 
4. Complaints related to rooms being too hot, too cold, too stuffy or no ventilation 
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Figure 5-12:FM Call Centre Complaints Log 
5.5.2 WH&S Feedback 
BEE‟s WH&S officer and HR Manager were consulted prior to the project‟s 
implementation.  There were no formal complaints made to the WH&S Officer during 
the entire time of the project, and the Officer, an occupant of Building A, did not raise 
any AC issues directly with project staff. 
5.6 Focus Group and Feedback to Project Team 
A range of qualitative comments were received from people who were interested in, or 
affected by, the project.  Most of these comments were emailed to project team members 
or to the Same Latitude New Attitude project email.  At the conclusion of the project a 
small focus group was also conducted with two staff from D Block. 
Comments referred to four central themes.  The first three – office temperature, clothes 
and building features – all pertained to the overarching issue of comfort.  The last theme 
- environmental sustainability, involved more general observations about the 
contribution of the project to sustainability and/or other possibilities and alternatives. 
5.6.1 Office Temperature 
Comments regarding the air-conditioning temperature changed in nature over the course 
of the project.  Prior to the commencement of the project a range of comments were 
received by project team members expressing concern about increasing the air-
conditioning temperature.  Amongst this group of staff, there was a general perception 
that increasing the thermostat setting to 25 degrees would result in significant 
discomfort.  For some, 25 – 26 degrees was simply seen as too warm.  For others, 
however, their concern was linked to the idea that some areas in buildings were, in fact, a 
few degrees warmer than the air-conditioning temperature. Hence, there was still 
significant „in principle‟ support for the project amongst this group, although reservations 
about adjusting the temperature in certain buildings.   
However, the concern expressed by this group was directly countered by comments 
received from others who welcomed the temperature increase as a means to enhance 
their comfort at work.  Obviously, this group of people felt that the air-conditioning 
during summer months was too cold and frequently had to wear jumpers and cardigans 
at work.  During the focus group, one participant described herself having to wear layers 
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of clothing to stay warm in her office during summer.  She noted that it did not seem to 
be a case of temperature alone, but also air-flow.  She explained that she had taken 
several measures to reduce the air-flow from the air-conditioning vent and was also 
thinking of buying a Chinese umbrella as a means to re-direct the air in a more desirable 
way.  She further noted the cold conditions in some D Block meeting rooms.  The other 
focus group participant, however, described the conditions in D Block as generally 
comfortable both before and after the temperature increase. 
After the commencement of the project, most feedback regarding office temperatures 
was provided via the thermal comfort questionnaire with the exception of an instance 
occurring in January involving the air-conditioning in A Block.   During this period 
several complaints were received regarding the extremely uncomfortable conditions in 
the building.  Initially there was a perception that the project team was responsible for 
the discomfort and several objections to the research were raised regarding issues of 
consent.  Investigations found that increasing the thermostat temperature exposed pre-
existing calibration errors and control algorithm errors.  Complaints ceased immediately 
after the HVAC for that building was recommissioned.  (Refer to section 4.2 for more 
details) 
Interestingly, despite the concerns expressed at the beginning of the project regarding the 
temperature increase, calls for participants in focus groups at the end of the project only 
attracted two volunteers.  While there may be a number of explanations for this, it does 
suggest to some extent that the survey instrument and other opportunities for comment 
regarding the temperature increase may have inadvertently acted as a change 
management tool.  This is worthy of further investigation. 
5.6.2 Building Features 
The project did succeed in raising occupants‟ awareness of features of their office 
environment that impact on thermal comfort.  A range of comments were received that 
involved points about features of the case study buildings that did not support principles 
of comfort at work.  Most people who highlighted issues to do with building features 
noted issues to do with a lack of personal control over the thermal environment.  For 
example, many noted the fact that they could not open their office windows to obtain 
any natural ventilation and, hence, were totally reliant on the air-conditioning.  One 
participant noted the need to address security issues if windows can be opened.  Project 
team investigations found that the locked windows (in L block) were a result of changes 
in building regulations regarding window sill heights.  Another person noted how a 
library door was continually left open allowing cold air to escape.  Notably, it was 
observed that by the end of the project, the door was frequently closed.  In many ways, 
this suggests that the project encouraged increased awareness of issues to do with 
thermal comfort and a level of pro-activity amongst participants in addressing these 
issues. 
5.6.3 Clothes 
Several comments supporting the idea of climate-appropriate dress were received.  
People were grateful for the “excuse to wear t-shirt and shorts” to work, although there 
was a perception that some people may feel uncomfortable to dress down without 
official support or an official directive.  Based on this understanding, one participant 
suggested that a QUT authority advise staff that dressing down is appropriate.  Some 
comments were also received from members of staff who needed to wear jumpers and 
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cardigans in summer due to the “cold” and “freezing” air-conditioning temperatures in 
their offices and meeting rooms. 
5.6.4 Facilities Management 
It became obvious throughout the project that staff were not always aware of how the 
AC in their areas operated, for example whether the AC was sensor or timer operated, 
and how long it may take some spaces to respond to AC operational adjustments.  AC 
operational and response times were particularly important for staff arriving early in the 
morning expecting immediate thermal relief (depending on commuting habits and 
outdoor temperature and humidity).  Staff were also not assured that movement sensors 
were appropriate AC control mechanisms in spaces used for predominantly sedentary 
purposes.  
How Facilities Managers respond to complaints about AC is also important.  Often 
responses involved a one-off measurement of temperature in the affected space with no 
measurement of other factors that effect comfort (e.g. air movement).  There was 
sometimes an assumption that repeated complaints were due to staff personalities rather 
than an acknowledgement that the complaints were legitimate and that discomfort may 
be caused through an unresolved, recurring deficiency in the AC system or building. 
5.6.5 Environmental Sustainability 
The project team received many supportive comments from people who felt it was a 
good way to reduce greenhouse gas emissions.  Many people offered additional ideas, 
although some concerned about the temperature increase offered alternative suggestions.  
Some of these included: 
1. Conducting a sustainability audit of QUT policies and practices (a petition to this 
effect was initiated by “Introducing Sustainability” students in 2006. 
2. Running the QUT vehicle fleet on E10 blended petrol. 
3. Tracking changes to workplace efficiency and other impacts of the changes (e.g: 
water usage changes). 
4. Developing an environmentally sustainability manifesto for the Faculty of Built 
Environment and Engineering. 
5. Maximising window openings for natural ventilation and altering the external 
facades of faculty buildings to channel breezes through wind scoops and other 
devices. 
6. Removing suspended ceilings and painting the underside of the concrete slabs 
with white paint. 
7. Installing reflector shelves as part of the proprietary window systems allowing 
natural light to be bounced into the plan of the building. 
8. Examining air-conditioning in public transport. 
9. Developing a carbon offset program (with a pledge of $10 to begin). 
Focus group participants were very supportive of continuing the 25 degree thermostat 
setting in future years.  They did, however, suggest that this should be instigated prior to 
the summer months to allow for a period of adjustment before the hot weather. 
 
5.7 Social Research Conclusions 
The project highlighted the salience of managing the social impacts of instigating energy 
saving measures such as increasing the HVAC thermostat setting during the summer 
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months.  The social research and feedback components of the project enabled the 
change to be managed effectively.  Hence, an effective change management strategy can 
be seen as an equally important as the technical FM dimension of a project involving 
increasing HVAC thermostat settings.  Several conclusions can be drawn from the social 
research and feedback components of the project: 
1. The change management process required more time from the research team 
than was additionally expected and resulted in additional attention from Facilities 
Management during the first few weeks of the thermostat adjustment.  Hence, we 
suggest that occupants would choose to share information about their discomfort 
more readily if there is an acknowledged source for feedback. 
2. More effective energy saving measures can be identified when occupants‟ 
complaints are accepted as legitimate on face value and holistic investigations are 
conducted to identify the source of the problem. 
3. The comfort survey administered to occupants acted as an effective change 
management tool that provided occupants with a valuable avenue for feedback. 
The project itself acted as an awareness raising tool and resulted in occupants identifying 
specific sources of discomfort and, in some instances, taking steps to address the 
problem.  It also highlighted the value of consultation with occupants prior to making 
changes that will affect the thermal environment of their office. 
Furthermore, while the limitations of the survey research do not allow findings to be 
extrapolated beyond this sample, they do suggest some important areas for further 
research.  Key findings suggested that: 
1. There was no significant association between general comfort levels and the 
participant's building location.  This suggests that manipulating the HVAC 
settings did not significantly affect participant's perceptions of comfort 
2. Feelings of most discomfort occurred with extreme heat or cold.  This suggests 
there is 'tolerance' for smaller temperature changes which could be an important 
area for future investigation. 
3. Perceptions of air movement are an important part of people's perceptions of 
comfort 
4. Comfort levels were not associated with age or gender; whether they had used 
air-conditioning on the way to work etc; the clothing worn or levels of activity 
prior to completion of the survey. 
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6 SUMMARY AND RECOMMENDATIONS 
Prevailing information on climate change compels us to investigate ways of saving energy 
in our buildings. Since existing buildings that require retrofitting represent a substantial 
ratio of current building stock, this project provides relevant information on the methods 
and results of raising / lowering temperature set-points of commercial buildings that 
have been retrofitted with mechanical air conditioning systems. Due to the large 
proportion of post-war buildings, it is important to examine ways of reducing energy use 
which in turn reduces our GHG emissions. 
QUT‟s pilot project aimed at quantifying whether building occupiers would tolerate 
changes in the generally accepted industry standards for office temperature.  It found that 
building occupiers can be meaningfully engaged in a change management process that 
delivers occupant comfort as well as financial and environmental savings.  Coupled with 
additional behavioural and procurement / operational changes, these savings can be 
magnified. 
6.1 Main Findings 
Our initial question was whether GHGE reductions could be achieved in institutional 
subtropical offices through altering of air-conditioning thermostats and this pilot project 
has revealed that it is possible to effect energy savings and GHGE reductions through 
this means.  This research confirmed that raising the summer thermostat setting two 
degrees would result in: 
1. Reduced GHGE due to a reduction in energy use brought about by lowered 
electricity and water usage. 
2. Cost savings to the university through lower electricity usage and lower water 
usage.   
3. Reduction in primary energy that could have significant implications for 
Queensland‟s electricity generation and transmission / distribution infrastructure 
requirements.   
4. Reduction in peak demand through lower AC load, effecting both QUT‟s 
electricity costs and south-east Queensland electricity network. 
5. Reduction in capital expenditure on assets through reduction in chiller plant 
capacity requirement. 
6. Opportunities for further savings through behaviour change and procurement 
and maintenance practices. 
7. No significant impact on comfort of staff provided that HVAC systems are 
operating as per specifications. 
8. Validation of incorporating a change management strategy to maximise 
acceptance of change. 
 A survey instrument was incorporated into the study as a change management feedback 
tool that would enable the project team to monitor general levels of comfort and identify 
areas where intervention may be required.  As a research tool, the small sample size and 
self-select sampling method means that survey results cannot be extrapolated beyond this 
sample.  The findings did, however, highlight some important areas for future research. 
 Key findings suggested that: 
1. There was no significant association between general comfort levels and the 
participant's location in a building.  This suggests that manipulating the HVAC 
settings did not significantly affect participant's perceptions of comfort.  
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2. Feelings of most discomfort occurred with extreme heat or cold.  This suggests 
there is 'tolerance' for smaller temperature changes which could be an important 
area for future investigation. 
3. Perceptions of air movement are an important part of people's perceptions of 
comfort. 
4. Comfort levels were not associated with age or gender; whether they had used 
air-conditioning on the way to work, the clothing worn or levels of activity prior 
to completion of the survey. 
A search of current literature and research projects supports the intricate relationship 
between the occupant‟s perception of thermal comfort and the provision of that comfort 
via the office‟s HVAC systems: 
1. Thermal comfort is difficult to define as a standard as it is perceived by 
occupants who are humans and thus variable in a biological and cultural sense. 
Application of universal air-conditioning temperature settings does not 
contribute to user satisfaction. 
2. Social norms and cultural influences define thermal comfort perceptions more 
strongly than previously realised.  For example, the present universal dress code 
of business attire does not usually relate to outside weather. 
3. Local vs. Central Control: Current literature reveals that building designers 
struggle with providing enough local control for occupant satisfaction while 
maintaining adequate central control of the systems in order to run efficiently. 
From our pilot research project, we discovered that there was a strong and significant 
relationship between our technical manipulations of the indoor environment of the 
offices and the social responses to that technical adjustment. From the findings of our 
four month project, we share a number of recommendations. 
6.2 Recommendations 
6.2.1 Consider holistic opportunities and benefits in 
decision making 
Cost savings to the university will be achieved through lower electricity usage and lower 
water usage.  If the modest savings in electricity costs from the four months of this 
project were used to purchase Green Power (at a 3c premium, this is sufficient to 
purchase 198 MWh), the two buildings‟ carbon emissions from electricity could be 
reduced a further 20% (207 tonnes per annum).  Savings from water use reduction could 
similarly be used to partially fund further water efficiency and water collection strategies 
on campus. 
If a price is attached to carbon in the near future, the greenhouse gas emissions 
reductions would have a base value of at least $1560 (based on $20 tonne), or $5718 if 
Green Power was purchased with electricity savings resulting in further carbon savings.  
These „carbon earnings‟ could be further invested in Green Power purchases.  The full 
financial and environmental implications and opportunities arising from combining 
energy efficiency measures, Green Power purchases and carbon trading need further 
research. 
The savings in primary energy have implications for Queensland‟s electricity generation 
and transmission / distribution infrastructure requirements. 
The modelling by Multitech Solutions also seemed to indicate that there was a lowering 
of the peak demand by 4Kw (for a single office of 329m2) under this scenario as well.  
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(This would equate to a 70Kw peak demand reduction from office occupancy of Blocks 
A and D.) The full extent of this needs further study as the implications for QUT‟s 
future electricity costs (e.g. if tariffs are based on peak power as well as total 
consumption) and on Queensland‟s constrained electricity network could be very 
significant. 
6.2.2 Water and Capital Cost reductions 
Lowering of thermostat temperature can include additional savings in other areas such as 
water and capital costs. Cost savings achieved through lower electricity usage also lower 
water usage.  Reduction in chiller plant capacity requirement (8 – 12%) would result in 
significant capital savings for new plant / buildings.  These savings potentials need to be 
incorporated into future infrastructure decisions. 
6.2.3 Lighting and Equipment Heat Load reductions 
Whilst AC operations accounted for over 50% of the electrical load for each occupancy 
type, other energy uses (lighting and equipment) offer significant opportunities for 
further savings.  Behavioural changes resulting in staff and students switching off un-
used equipment and lights will minimise the current waste that was noticed during this 
project (many areas left with lights and computers on although spaces were unoccupied). 
6.2.4 Changes in Procurement practices 
Changes to procurement practices (e.g. requiring all computers and office equipment to 
be Energy Star rated), maintenance and operational design (e.g. movement sensors for 
lights and AV equipment in lecture rooms) are also likely to produce significant savings.  
The added benefit of reducing the energy use of lights and computer equipment is the 
associated reduced heat load in those rooms, thereby reducing the work of the AC 
system. 
6.2.5 Acknowledge mechanical HVAC limitations 
Retrofitting HVAC systems to existing buildings presents engineering and operational 
challenges whilst not necessarily providing the comfort outcome for which they are 
designed.  
It is false to assume that mechanical systems are perfectly calibrated systems that work all 
the time and in the way they were originally programmed. In re-setting the thermostat 
set-points of the two retrofitted buildings in QUT revealed pre-existing sensor calibration 
and control algorithm errors.  If the experiment were not carried out, the mechanical 
problem causing the discomfort of occupants would have taken longer to diagnose or 
energy savings measures introduced later may not have produced full benefits. 
6.2.6 Re-examine commissioning process 
Similarly it is possible that mechanical systems even in new buildings may be improperly 
or incompletely commissioned.  Any commissioning process must involve the occupants 
and some measure of whether the aim of occupant comfort is being achieved (as 
opposed to whether the HVAC system is performing to its engineering design 
parameters). 
Constant cooperative communication between FM and occupants is essential in 
achieving the desired indoor comfort and the proper use of the building functions. 
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6.2.7 Integration of services at design stage 
Integration of the architectural and mechanical services at the design stage which 
includes end-user requirements could lead to a better building design outcome. Our 
project involved retrofitted buildings where we encountered other associated problems 
of incorrect equipment calibration and improper commissioning. 
6.2.8 Response to cultural influences 
Energy savings have primarily focussed on the physical engineering solutions but our 
research reveals that energy use can be reduced through an understanding and response 
to the cultural and social influences of human comfort. Challenge the usual design 
approach to providing comfort by responding to cultural and social issues in building and 
HVAC systems design. 
6.2.9 Encourage a dress code 
Encourage a dress code that responds to local climate that would enable adjustment of 
thermostat set-points to reduce energy use. 
6.2.10 Better Communication 
End-users who have a better understanding of how thermal comfort can be achieved in 
their space i.e. via timers or individual expectations / adjustments can attain greater 
satisfaction and productivity with the work space.  Facilities maintenance staff who are 
trained to „interpret‟ occupants‟ complaints are in a better position to identify the 
mechanical problem and resolve the issue satisfactorily. 
6.2.11 Establish a corporate “environmental 
sustainability” manifesto 
Many QUT staff and students urge QUT to take a leadership role in implementing a 
holistic corporate approach to implementing sustainability into its core business, through 
its operations, teaching and research.  This was a strong message gained through this 
pilot project.  Specific suggestions include: 
1. Conducting a sustainability audit of QUT policies and practices. 
2. Tracking changes to workplace efficiency and other impacts of the changes. 
6.2.12 Establish a change management process 
Acknowledge the importance of managing the social impacts of instigating energy saving 
measures (or other ecological sustainability initiatives). 
Further explore the potential for the Comfort Survey (or similar) to be more extensively 
utilised as both a change management and an information sharing tool. 
More effective energy saving measures can be identified when occupants complaints are 
accepted as legitimate on face value and holistic investigations are conducted to identify 
the source of the problem. 
6.2.13 Explore further multi-disciplinary research 
opportunities 
This pilot project collected a range of findings from which further areas of research can 
be developed across QUT and leveraged into projects with industry partners including 
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submissions to the Australian Research Council for funding grants.  These areas may 
include: 
1. Thermal Comfort issues: Research into local vs. universal application of 
standards for thermostat setting in relation to thermal comfort standards for 
commercial offices in a subtropical climate. 
2. Provision of Energy Services (space cooling) for human and environmental 
health: Multi-disciplinary approaches (involving electrical and mechanical 
engineering, property management, materials science, designers and architects, 
construction industry, property developers) to appropriate climatic control in 
commercial buildings in subtropical climates.  Integration of space cooling 
approaches with the provision of other energy services and business operations. 
3. Health issues: Greater understanding of the effect of reduction in temperature 
differential between outdoor and indoor temperature on human health (e.g. 
circulation, metabolic rates) 
4. Social issues: Developing models and tools for change management. Occupant 
perceptions of comfort and strategies for gaining personal control of work 
environment. 
5. Business issues: Fiscal and environmental implications and opportunities 
arising from combining energy efficiency measures, Green Power purchases and 
carbon trading need further research. 
6. Fashion / design and appropriate materials:  Materials science and design 
considerations for climatically appropriate work attire in Australia.  
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7 CONCLUSION 
Any institution or commercial office desiring to reduce energy use by the adjustment of 
thermostat settings must consider the social and cultural influences that affect the 
provision of thermal comfort.  This is crucial to the success of such an undertaking. 
Our four month pilot project on air-conditioning temperature set points in two of our 
buildings at QUT has revealed our cultural attitudes, social habits, building design and 
building service methods need to be revisited in order to accomplish our goal of energy 
efficient buildings leading to a sustainable world. 
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APPENDIX A:   
BRISBANE TEMPERATURE DATA – SUMMER 06 -07 
 
DECEMBER 2006 – BRISBANE TEMPERATURE DATA 
DATE 
MIN TEMP 
(°C) 
MAX TEMP 
(°C) 
9AM TEMP 
(°C) 
9AM RH 
(%) 
3PM TEMP 
(°C) 
3PM RH 
(%) 
1/12/06 20.3 28.7 23.8 53 27.1 46 
2/12/06 21 28.1 26 54 26 58 
3/12/06 21.9 31.2 25.1 66 27.9 59 
4/12/06 19.6 27 23.5 57 23.6 52 
5/12/06 18.3 27.9 24.3 51 24.4 52 
6/12/06 16.7 26.2 24.6 51 23.9 48 
7/12/06 16.1 26.2 24.8 51 24.3 54 
8/12/06 19.3 28 25 57 26.5 47 
9/12/06 18 27.5 24.5 52 25.2 51 
10/12/06 18.7 27.3 25 48 26.2 46 
11/12/06 17.9 27.1 24.4 53 25.5 51 
12/12/06 17.7 29.2 26.1 54 27.5 49 
13/12/06 20.6 28.5 25.4 57 27.2 55 
14/12/06 18.8 29.9 27.1 52 28.2 49 
15/12/06 21.5 31.1 27.1 53 27.3 63 
16/12/06 21.9 28.2 26.7 70 24.5 65 
17/12/06 18.9 25.1 22.5 65 23.8 51 
18/12/06 17.9 27 22.5 57 24.6 44 
19/12/06 15.8 27.8 24.6 52 25.9 47 
20/12/06 16.5 27.4 25.2 50 25.4 52 
21/12/06 21.1 28.1 25.9 46 27.2 49 
22/12/06 20.4 26.7 22.3 86 24.4 61 
23/12/06 17.4 27.9 25.5 47 26.5 46 
24/12/06 19 27.8 25.4 48 27 48 
25/12/06 19.4 31.6 27 54 28 61 
26/12/06 20.8 21.7 21.1 84 18.4 89 
27/12/06 17.2 20.3 18.6 77 18.2 83 
28/12/06 16.8 24.3 20.2 80 23.5 50 
29/12/06 15.3 27.5 23.7 55 25.8 48 
30/12/06 16.9 27.9 24.5 62 26.6 45 
31/12/06 17.7 27.2 24.5 57 25.6 55 
 
 0701018 Same Latitude New Attitude Report– R Kennedy / S Loh / W Miller / J Summerville / M Heffernan 73 
 
JANUARY 2007 – BRISBANE TEMPERATURE DATA 
DATE 
MIN TEMP 
(°C) 
MAX TEMP 
(°C) 
9AM TEMP 
(°C) 
9AM RH 
(%) 
3PM TEMP 
(°C) 
3PM RH 
(%) 
1/01/07 18.6 27.4 25.2 53 26.1 53 
2/01/07 18.5 27.4 24.8 58 24.7 60 
3/01/07 19.5 24.2 19.8 93 23.8 60 
4/01/07 17.9 25.5 22.7 73 23.6 69 
5/01/07 18.3 26.5 23.7 72 25.3 58 
6/01/07 17.5 28 24.2 61 26.2 53 
7/01/07 18.5 29.3 25.1 60 28.3 47 
8/01/07 19.6 31.1 26.5 61 29.6 60 
9/01/07 22.2 25 23.2 79 23.9 73 
10/01/07 20.9 27.2 24.6 74 24.9 74 
11/01/07 21.4 30.1 26.9 68 28.2 68 
12/01/07 21.7 30.5 28.2 60 27.8 63 
13/01/07 23.9 30.5 26 70 29.1 60 
14/01/07 24.1 29.6 26.1 69 28.4 59 
15/01/07 23.2 29.3 27.1 56 28.4 55 
16/01/07 20.4 29.7 26.9 53 27.8 56 
17/01/07 19.6 29.8 26 59 28.3 45 
18/01/07 20.1 29.6 27.5 56 28.5 45 
19/01/07 19.6 28.5 25.9 69 27.2 55 
20/01/07 19.5 30 25.6 63 28.7 49 
21/01/07 20.9 30.6 26.9 59 30 45 
22/01/07 22.8 31.9 29 55 31 54 
23/01/07 23.9 32.5 29.8 54 30.9 54 
24/01/07 25.1 33.6 29.4 54 30.4 58 
25/01/07 25.3 33.1 29.5 69 28.7 76 
26/01/07 22.5 30.9 27.2 71 29.9 61 
27/01/07 24 34.2 28.1 64 31 63 
28/01/07 24.1 30.2 26.4 60 28.9 60 
29/01/07 22.8 33.6 28.8 58 32.6 45 
30/01/07 21.6 31.3 28.3 70 30 62 
31/01/07 23.3 31.8 29.1 57 31.2 47 
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FEBRUARY 2007 – BRISBANE TEMPERATURE DATA 
DATE 
MIN TEMP 
(°C) 
MAX TEMP 
(°C) 
9AM TEMP 
(°C) 
9AM RH 
(%) 
3PM TEMP 
(°C) 
3PM RH 
(%) 
1/02/07 24.1 30.8 27.9 65 28.8 58 
2/02/07 22.2 27.3 23 90 26.4 63 
3/02/07 20.8 31.2 27.3 57 28.5 58 
4/02/07 21.7 30.2 27.6 63 28.5 47 
5/02/07 19.2 30.1 26.8 50 28 51 
6/02/07 19.6 30.6 27.1 59 28.6 52 
7/02/07 21.4 29.4 26.1 56 28.1 46 
8/02/07 21.3 29.3 25.4 63 29.1 50 
9/02/07 22.5 31 26.4 62 30.1 43 
10/02/07 20.6 31.2 27.6 55 28.6 52 
11/02/07 20.9 29.8 26 72 27.5 59 
12/02/07 21 30.1 27.1 61 23.9 80 
13/02/07 19.3 26.4 20.9 89 21.2 88 
14/02/07 19.3 28.5 26.3 67 27.2 56 
15/02/07 19.9 28.4 26.4 62 27 65 
16/02/07 20.1 27.3 26.9 56 25 66 
17/02/07 21.3 28.7 25.6 59 27.6 48 
18/02/07 20.3 27.3 23.9 72 23.3 77 
19/02/07 18.4 29 25.3 64 27.8 52 
20/02/07 19.4 28.9 25.7 66 28.1 54 
21/02/07 21 28.6 25.1 77 27.3 58 
22/02/07 20.6 29.6 27 57 27.5 59 
23/02/07 20.6 28.7 26.2 65 26 63 
24/02/07 20.2 30.5 26.4 61 28.6 51 
25/02/07 22 29.7 25.5 82 28.6 56 
26/02/07 20.5 30 26.5 58 28.8 50 
27/02/07 19.7 30.4 27.3 61 29.4 54 
28/02/07 24  27.3 68   
 
 0701018 Same Latitude New Attitude Report– R Kennedy / S Loh / W Miller / J Summerville / M Heffernan 75 
MARCH 2007 – BRISBANE TEMPERATURE DATA 
DATE 
MIN TEMP 
(°C) 
MAX TEMP 
(°C) 
9AM TEMP 
(°C) 
9AM RH 
(%) 
3PM TEMP 
(°C) 
3PM RH 
(%) 
1/03/07 21.4 30 27 65 28.7 55 
2/03/07 22.3 31.3 27.2 60 30.2 59 
3/03/07 22.8 32.5 28.4 69 30.3 56 
4/03/07 21.8 31.9 28.7 63 29.9 55 
5/03/07 22.9 30.9 26.9 78 29 64 
6/03/07 22.4 31.1 27 62 29.7 53 
7/03/07 21.3 26.6 23.2 82 24 81 
8/03/07 20.9 30 26.2 65 29.5 58 
9/03/07 21.5 32.3 25.9 74 29.5 59 
10/03/07 20.7 29.1 26.6 60 28.4 61 
11/03/07 22.2 37.9 29.1 67 31.7 62 
12/03/07 22.2 37.3 28 71 34.9 32 
13/03/07 23.8 28.7 25 69 25.9 66 
14/03/07 21.1 28.4 26.4 53 26.9 50 
15/03/07 18.8 29.5 26.2 54 27.8 42 
16/03/07 18.4 30.3 25 59 28.5 44 
17/03/07 19.8 32.4 26.3 61 30.5 46 
18/03/07 19.5 31 26.4 56 29.3 36 
19/03/07 18.8 29.5 26.4 60 28.4 52 
20/03/07 19.7 30.6 27.8 52 28.8 51 
21/03/07 22.3 31.2 26 72 29.2 54 
22/03/07 21.2 30.3 27.6 51 28.3 49 
23/03/07 21 29.7 28.1 61 28.3 53 
24/03/07 20.9 30.8 26.9 64 27.9 59 
25/03/07 21.2 29.9 26 66 26.3 63 
26/03/07 20.1 28.9 25 50 25.9 45 
27/03/07 17.3 27.6 23.6 52 26.4 40 
28/03/07 17.5 29 24.3 49 27.4 44 
29/03/07 16.5 30.6 23.9 60 29.3 45 
30/03/07 18.4 34.2 26.3 56 32 39 
31/03/07 20.6 29.8 25.1 56 27.2 50 
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APPENDIX B:   
INDOOR TEMPERATURE / HUMIDITY DATA 
 
ROOM A312 (26TH JANUARY – 29TH MARCH 2007) 
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26/01 22.5 30.9 27.2 71 29.9 61 27.6 26.7 28.7 27.5 58.9 28.7 53.8 27.8 27.9 
27/01 24 34.2 28.1 64 31 63 29.3 27.9 30.3 28.3 60.4 29.9 56.3 28.9 29.1 
28/01 24.1 30.2 26.4 60 28.9 60 27.4 28.7 30.3 29.1 54.2 30.3 49.8 29.4 29.6 
29/01 22.8 33.6 28.8 58 32.6 45 29.5 25.6 29.5 25.6 44.7 26.3 50.9 27.7 26.7 
30/01 21.6 31.3 28.3 70 30 62 27.8 25.6 29.5 26.7 53.4 25.6 52.5 27.5 26.8 
31/01 23.3 31.8 29.1 57 31.2 47 28.9 26.3 29.1 26.7 52.6 26.3 52.7 27.7 27.1 
1/02 24.1 30.8 27.9 65 28.8 58 27.9 24.4 28.3 27.5 54.1 24.4 50.4 26.5 26.2 
2/02 22.2 27.3 23 90 26.4 63 24.7 23.2 27.1 25.2 54.3 23.6 54.9 25 24.8 
3/02 20.8 31.2 27.3 57 28.5 58 27 25.2 28.3 25.6 56.3 27.9 51.7 26.6 26.7 
4/02 21.7 30.2 27.6 63 28.5 47 27 26.7 29.1 27.1 56.9 28.7 46.3 27.7 27.9 
5/02 19.2 30.1 26.8 50 28 51 26 23.2 27.5 24.8 47.5 24 46.2 25.4 24.9 
6/02 19.6 30.6 27.1 59 28.6 52 26.5 23.2 26.3 23.6 49.7 23.6 49.9 24.8 24.2 
7/02 21.4 29.4 26.1 56 28.1 46 26.3 23.2 26.3 23.6 47.7 23.2 48.4 24.7 24.1 
8/02 21.3 29.3 25.4 63 29.1 50 26.3 22.9 26.3 23.6 50.6 23.2 51.2 24.4 24 
9/02 22.5 31 26.4 62 30.1 43 27.5 23.2 26.3 24.4 47.9 23.6 47.5 24.7 24.4 
10/02 20.6 31.2 27.6 55 28.6 52 27 25.2 28.3 26 54.5 27.9 49.9 26.8 26.8 
11/02 20.9 29.8 26 72 27.5 59 26.1 27.1 29.1 27.5 57.1 29.1 53 28 28.2 
12/02 21 30.1 27.1 61 23.9 80 25.5 23.6 28.3 24.8 46.9 25.2 54.5 26 25.5 
13/02 19.3 26.4 20.9 89 21.2 88 22 23.6 26 24 53.7 23.6 61.4 24.7 24.3 
14/02 19.3 28.5 26.3 67 27.2 56 25.3 23.2 25.2 23.2 56.1 24.4 61.9 24.4 24 
15/02 19.9 28.4 26.4 62 27 65 25.4 23.2 25.6 24 56.9 25.6 56.5 24.8 24.6 
16/02 20.1 27.3 26.9 56 25 66 24.8 22.9 25.6 25.2 60 23.6 54 24.6 24.3 
17/02 21.3 28.7 25.6 59 27.6 48 25.8 25.2 27.1 25.6 58.1 27.1 49.8 26.1 26.2 
18/02 20.3 27.3 23.9 72 23.3 77 23.7 26 27.5 26.3 56.1 27.5 55.6 26.7 26.8 
19/02 18.4 29 25.3 64 27.8 52 25.1 22.9 26.7 24 48.5 23.2 49.9 24.7 24.2 
20/02 19.4 28.9 25.7 66 28.1 54 25.5 23.2 25.6 24.4 61.2 24.4 54.3 24.7 24.4 
21/02 21 28.6 25.1 77 27.3 58 25.5 22.9 25.6 25.2 64.9 24 55.5 24.7 24.4 
2/03 22.3 31.3 27.2 60 30.2 59 27.8 23.6 28.7 25.2 49.3 25.6 61.6 25.6 25.8 
3/03 22.8 32.5 28.4 69 30.3 56 28.5 27.1 30.3 27.5 70.7 30.3 58.6 28.5 28.8 
4/03 21.8 31.9 28.7 63 29.9 55 28.1 28.3 31.1 28.7 62.2 31.1 53.5 29.5 29.8 
5/03 22.9 30.9 26.9 78 29 64 27.4 26.7 29.9 27.5 58 27.1 58.4 28.3 27.8 
6/03 22.4 31.1 27 62 29.7 53 27.6 24.8 28.7 25.6 54.2 25.2 57.4 26.6 26.1 
7/03 21.3 26.6 23.2 82 24 81 23.8 24 26.7 25.6 61.6 25.6 67.3 25.8 25.5 
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8/03 20.9 30 26.2 65 29.5 58 26.7 24 26.3 24 58.5 25.6 64 25.5 25 
9/03 21.5 32.3 25.9 74 29.5 59 27.3 23.6 26.3 23.6 55.1 24.8 59.8 25.3 24.6 
10/03 20.7 29.1 26.6 60 28.4 61 26.2 26.3 28.3 26.7 61 27.9 60.1 27.2 27.3 
11/03 22.2 37.9 29.1 67 31.7 62 30.2 27.5 31.1 28.3 65.3 30.7 58.9 29.2 29.4 
12/03 22.2 37.3 28 71 34.9 32 30.6 26 29.9 27.1 59 26.3 49 27.9 27.3 
13/03 23.8 28.7 25 69 25.9 66 25.9 22.9 28.3 26 55.9 25.2 59.4 26.2 25.6 
14/03 21.1 28.4 26.4 53 26.9 50 25.7 22.5 26.3 23.6 48.1 22.9 49.8 24.3 23.8 
15/03 18.8 29.5 26.2 54 27.8 42 25.6 22.5 25.2 23.2 53.7 22.9 49.6 23.9 23.4 
16/03 18.4 30.3 25 59 28.5 44 25.6 22.5 25.6 24.8 56.2 22.9 49.2 24.2 23.9 
17/03 19.8 32.4 26.3 61 30.5 46 27.3 25.6 29.1 26 58.3 28.7 50.8 27 27.3 
18/03 19.5 31 26.4 56 29.3 36 26.6 27.1 29.9 27.5 54.8 29.5 43.8 28.3 28.5 
19/03 18.8 29.5 26.4 60 28.4 52 25.8 24.4 28.3 25.2 46.7 25.2 54 26.4 25.8 
20/03 19.7 30.6 27.8 52 28.8 51 26.7 23.6 26.7 24.4 51.8 24.8 54.4 25.7 24.9 
21/03 22.3 31.2 26 72 29.2 54 27.2 24 27.1 24.4 51.1 24.8 55.5 25.8 25.1 
22/03 21.2 30.3 27.6 51 28.3 49 26.9 23.6 27.1 24.4 49.2 24.4 55.6 25.6 24.9 
23/03 21 29.7 28.1 61 28.3 53 26.8 24 26.7 26.7 60 24.8 56.5 25.7 25.6 
24/03 20.9 30.8 26.9 64 27.9 59 26.6 26.3 29.1 26.7 63.3 29.1 56.5 27.5 27.8 
25/03 21.2 29.9 26 66 26.3 63 25.9 27.5 29.1 27.9 60.1 29.1 56.8 28.2 28.4 
26/03 20.1 28.9 25 50 25.9 45 25 24 27.5 24.8 49.2 24 48.7 25.7 25.1 
27/03 17.3 27.6 23.6 52 26.4 40 23.7 22.9 25.6 24.4 47.7 23.2 48.1 24.4 24 
28/03 17.5 29 24.3 49 27.4 44 24.6 22.9 25.2 23.6 52.2 22.9 46 24.2 23.6 
29/03 16.5 30.6 23.9 60 29.3 45 25.1 22.5 25.2 24 58.2 23.2 51.4 24 23.7 
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ROOM D5 COMMON ROOM (26TH JANUARY – 21ST FEBRUARY 2007) 
D
A
T
E
 2
00
7 
O
U
T
S
ID
E
 M
IN
 T
E
M
P
 
O
U
T
S
ID
E
 M
A
X
 T
E
M
P
 
O
U
T
S
ID
E
 9
A
M
 T
E
M
P
 
O
U
T
S
ID
E
 9
A
M
 R
H
 
O
U
T
S
ID
E
 3
P
M
 T
E
M
P
 
O
U
T
S
ID
E
 3
P
M
 R
H
 
O
U
T
S
ID
E
 M
E
A
N
 T
E
M
P
 
IN
S
ID
E
 M
IN
 T
E
M
P
 
IN
S
ID
E
 M
A
X
 T
E
M
P
 
IN
S
ID
E
 9
A
M
 T
E
M
P
 
IN
S
ID
E
 9
A
M
 R
H
 
IN
S
ID
E
 3
P
M
 T
E
M
P
 
IN
S
ID
E
 3
P
M
 R
H
 
IN
S
ID
E
 M
E
A
N
 A
L
L
T
E
M
P
 
IN
S
ID
E
 M
E
A
N
 T
E
M
P
 
26/01 22.5 30.9 27.2 71 29.9 61 27.6 23.6 27.5 24 54.4 24 50.3 25.8 24.8 
27/01 24 34.2 28.1 64 31 63 29.3 27.1 31.9 27.9 59.1 31.9 52.1 29.2 29.7 
28/01 24.1 30.2 26.4 60 28.9 60 27.4 28.7 31.9 29.1 55.2 31.9 47.8 29.9 30.4 
29/01 22.8 33.6 28.8 58 32.6 45 29.5 24.4 29.5 24.4 49.9 26.3 49.8 26.8 26.2 
30/01 21.6 31.3 28.3 70 30 62 27.8 24.8 28.3 24.8 55.5 26.3 53.7 26.3 26.1 
31/01 23.3 31.8 29.1 57 31.2 47 28.9 24 27.5 24 52.5 25.6 45 26.2 25.3 
1/02 24.1 30.8 27.9 65 28.8 58 27.9 24 27.9 24 54.4 24.8 49.1 26 25.2 
2/02 22.2 27.3 23 90 26.4 63 24.7 23.6 27.5 23.6 71.2 25.2 54.7 25.9 25 
3/02 20.8 31.2 27.3 57 28.5 58 27 26.3 30.3 27.1 54 29.9 37.4 28 28.4 
4/02 21.7 30.2 27.6 63 28.5 47 27 27.5 31.1 28.3 52.8 28.7 41.2 28.6 28.9 
5/02 19.2 30.1 26.8 50 28 51 26 24 27.9 24.8 47.9 24.8 44.8 26 25.4 
6/02 19.6 30.6 27.1 59 28.6 52 26.5 24 26.7 24.4 52.6 24.8 45 25.5 25 
7/02 21.4 29.4 26.1 56 28.1 46 26.3 24 27.1 24.4 51.1 25.6 43.9 26 25.3 
8/02 21.3 29.3 25.4 63 29.1 50 26.3 23.6 27.1 24.8 52.7 25.2 44.7 26 25.2 
9/02 22.5 31 26.4 62 30.1 43 27.5 24 27.1 24 53.7 25.6 43.2 25.8 25.2 
10/02 20.6 31.2 27.6 55 28.6 52 27 26.7 29.1 27.5 50.4 27.5 41.5 27.7 27.7 
11/02 20.9 29.8 26 72 27.5 59 26.1 27.1 31.1 27.9 56.5 31.1 47.5 28.8 29.3 
12/02 21 30.1 27.1 61 23.9 80 25.5 23.6 28.3 24.4 53 24.8 52.1 25.8 25.3 
13/02 19.3 26.4 20.9 89 21.2 88 22 23.2 26.7 23.6 60.1 24 60.6 25.1 24.4 
14/02 19.3 28.5 26.3 67 27.2 56 25.3 23.2 26 23.2 60.8 24.4 49 25 24.2 
15/02 19.9 28.4 26.4 62 27 65 25.4 23.6 26 24.4 56.3 24 55.5 25.2 24.5 
16/02 20.1 27.3 26.9 56 25 66 24.8 22.9 26 24 52.3 23.6 54 24.6 24.1 
17/02 21.3 28.7 25.6 59 27.6 48 25.8 24.4 27.5 26.3 56.6 27.5 46.2 26 26.4 
18/02 20.3 27.3 23.9 72 23.3 77 23.7 25.6 28.3 26.3 56.6 26.3 54 26.5 26.6 
19/02 18.4 29 25.3 64 27.8 52 25.1 22.1 26 22.9 57.7 23.6 51.1 24.5 23.6 
20/02 19.4 28.9 25.7 66 28.1 54 25.5 23.2 26 24 66 24 53.1 24.9 24.3 
21/02 21 28.6 25.1 77 27.3 58 25.5 23.2 26 23.6 58.1 24 53.9 25.1 24.2 
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APPENDIX C:   
SURVEY QUESTIONNAIRE 
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APPENDIX D:   
BEAVER PROGRAM OVERVIEW 
(This information was provided by Multitech Solutions) 
Beaver (formally known as ESPII) is a metric version of the program ESP-II developed for 
APEC in the USA by Ferreira and Kalasinsky Associates Inc., New Bedford, Massachusetts, 
under the direction of the APEC Energy Analysis Committee. ACADS-BSG has the licensing 
rights in Australia and New Zealand. 
Beaver is a suite of four main programs (WEATHER, RESPONSE, LOADS & SYSTEMS) used 
for estimating the energy consumption of a building over a given period of time taking into 
account the site location, the building structure and the type of building services installed to 
maintain the desired environmental conditions. It enables a designer to investigate many 
alternatives and make energy comparisons quickly and effectively for a very wide range of 
building configurations and air conditioning systems using actual measured climatic data. 
Beaver performs building load calculations based on the ASHRAE Response Factor Method and 
simulates through a sophisticated iterative procedure, building services plant operation on an 
hour by hour basis.  Any part of a building, e.g. the glazing scheme, can be analysed in isolation 
without having to enter the details of the rest of the building. 
A very comprehensive system of allocating energy consumption to a series of master meters and 
independently operated sub-meters, allows monitoring of the performance of all energy 
consuming equipment. Lighting, equipment and process loads, and occupancy as well as air 
handling and primary plant components can be scheduled for practically any arrangement 8760 
hours a year as the scheduling is three dimensional (by the hour of the day, the day of the week, 
and the week of the year). 
Primary plant modelled can include boilers, chillers, on-site generators, waste heat boilers, solar 
collectors, ice or chilled water storage tanks depending on what plant is installed in the building. 
These components can be linked in numerous configurations with a wide range of control 
schemes. In this project, chillers are the primary plant under consideration. Heater energy 
consumption and the overall energy consumption of the building will also be analysed. 
A comprehensive range of control operations are provided including: 
1. Thermostats containing various combinations of dead-band and ramp or step functions 
for both cooling and heating 
2. Reset Controls on all cooling/heating coils and radiators 
3. Humidification Control with a return air humidistat or with individual space control 
4. Setback Control. In the form of a night-time thermostat which controls fan cycling or 
individual spaces via terminal units or radiation 
5. Cooling Coil Scheduling on an hourly basis such that the cooling coil can be shut-off 
while the system fans still operate  
At this project is primarily office space, reset controls, humidification control and cooling coil 
scheduling have not been used.  Provision is made for the operation of the chillers in series, 
parallel or combined series/parallel, however only the combined series/parallel operation strategy 
will be considered in this analysis. Beaver can generate numerous output reports to summarise 
the building energy consumption and to evaluate the mechanical system performance. The 
reports can include details on space temperatures, secondary system monthly demand and 
consumption, maximum coil loads, fan capacity, water storage utilisation, solar collector 
utilisation, primary plant loading demand and consumption and monthly fuel consumption for all 
energy usage. 
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